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(54) Polishing articles for electrochemical mechanical polishing of substrates 



(57) An article of manufacture, method, and appa- 
ratus are provided for planarizing a substrate surface. 
In one aspect, an article of manufacture is provided for 
polishing a substrate including a polishing article (205) 
having a body comprising at least a portion (31 0) of fib- 
ers coated with a conductive material, conductive fillers, 
or combinations thereof, and adapted to polish the sub- 
strate. In another aspect, a polishing article includes a 
body having a surface adapted to polish the substrate 
and at least one conductive element embedded in the 
polishing surface, the conductive element comprising 
dielectric or conductive fibers coaled with a conductive 
material, conductive fillers, or combinations thereof. The 
conductive element may have a contact surface that ex- 
tends beyond a plane defined by the polishing surface. 
A plurality of perforations (546) and a plurality of grooves 
(542) may be formed in the articles to facilitate flow of 
material through and around the polishing article. 
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Description 

[0001] The present invention relates to an article of 
manufacture and apparatus for planarizing a substrate 
surface. 5 
[0002] Sub-quarter micron multi-level metallization is 
one of the key technologies for the next generation of 
ultra large-scale integration (ULSI). The multilevel inter- 
connects that fie at the heart of this technology require 
planarization of interconnect features formed in high as- 10 
pect ratio apertures, including contacts, vias, lines and 
other features. Reliable formation of these interconnect 
features is very important to the success of ULSI and to 
the continued effort to increase circuit density and qual- 
ity on individual substrates and die. 15 
[0003] I n the fabrication of integrated circuits and oth- 
er electronic devices, multiple layers of conducting, 
semiconducting, and dielectric materials are deposited 
on or removed from a surface of a substrate. Thin layers 
of conducting, semiconducting, and dielectric materials 20 
may be deposited by a number of deposition tech- 
niques. Common deposition techniques in modern 
processing include physical vapor deposition (PVD), al- 
so known as sputtering, chemical vapor deposition 
(CVD), plasma-enhanced chemical vapor deposition 25 
(PECVD), and electro-chemical plating (ECP). 
[0004] As layers of materials are sequentially depos- 
ited and removed, the uppermost surface of the sub- 
strate may become non-planar across its surface and 
require planarization. Planarizing a surface, or "polish- 30 
ing" a surface, is a process where material is removed 
from the surface of the substrate to form a generally 
even, planarsurface. Planarization is useful in removing 
undesired surface topography and surface defects, 
such as rough surfaces, agglomerated materials, crystal 35 
lattice damage, scratches, and contaminated layers or 
materials. Planarization is also useful in forming fea- 
tures on a substrate by removing excess deposited ma- 
terial used to fill the features and to provide an even sur- 
face for subsequent levels of metallization and process- 40 
ing. 

[0005] Chemical mechanical planarization, or chemi- 
cal mechanical polishing (CMP), is a common technique 
used to planarize substrates. CMP utilizes a chemical 
composition, typically a slurry or other fluid medium, for 45 
selective removal of material from substrates. In con- 
ventional CMP techniques, a substrate carrier or polish- 
ing head is mounted on a carrier assembly and posi- 
tioned in contact with a polishing pad in a CMP appara- 
tus. The carrier assembly provides a controllable pres- so 
sure to the substrate urging the substrate against the 
polishing pad. The pad is moved relative to the substrate 
by an external driving force. The CMP apparatus effects 
polishing or rubbing movement between the surface of 
the substrate and the polishing pad while dispersing a 55 
polishing composition to effect chemical activity and/or 
mechanical activity and consequential removal of ma- 
terial from the surface of the substrate. 



2 

[0006] One material increasingly utilized in integrated 
circuit fabrication is copper due to its desirable electrical 
properties. However, copper has its own special fabri- 
cation problems. For example, copper is difficult to pat- 
tern and etch and new processes and techniques, such 
as damascene or dual damascene processes, are being 
used to form copper substrate features. 
[0007] In damascene processes, a feature is defined 
in a dielectric material and subsequently filled with cop- 
per. Dielectric materials with low dielectric constants, /. 
e., less than about 3, are being used in the manufacture 
of copper damascenes. Barrier layer materials are de- 
posited conformally on the surfaces of the features 
formed in the dielectric layer prior to deposition of cop- 
per material. Copper material is then deposited over the 
barrier layer and the surrounding field. However copper 
fill of the features usually results in excess copper ma- 
terial, or overburden, on the substrate surface that must 
be removed to form a copper filled feature in the dielec- 
tric material and prepare the substrate surface for sub- 
sequent processing. 

[0008] One challenge that is presented in polishing 
copper materials is that the interface between the con- 
ductive material and the barrier layer is generally non- 
planar and residual copper material is retained in irreg- 
ularities formed by the non-planar interface. Further, the 
conductive material and the barrier materials are often 
removed from the substrate surface at different rates, 
both of which can result in excess conductive material 
being retained as residues on the substrate surface. Ad- 
ditionally, the substrate surface may have different sur- 
face topography, depending on the density or size of 
features formed therein. Copper material is removed at 
different removal rates along the different surface topog- 
raphy of the substrate surface, which makes effective 
removal of copper material from the substrate surface 
and final planarity of the substrate surface difficult to 
achieve. 

[0009] One solution to remove all of the desired cop- 
per material from the substrate surface is to overpolish 
the substrate surface. However, overpolishing of some 
materials can result in the formation of topographical de- 
fects, such as concavities or depressions in features, 
referred to as dishing, or excessive removal of dielectric 
material, referred to as erosion. The topographical de- 
fects from dishing and erosion can further lead to non- 
uniform removal of additional materials, such as barrier 
layer materials disposed thereunder, and produce a 
substrate surface having a less than desirable polishing 
quality. 

[0010] Another problem with the polishing of copper 
surfaces arises from the use of low dielectric constant 
(low k) dielectric materials to form copper damascenes 
in the substrate surface. Low k dielectric materials, such 
as carbon doped silicon oxides, may deform or fracture 
under conventional polishing pressures (i.e., about 6 
psi), called downforce, which can detrimentally affect 
substrate polish quality and detrimentally affect device 
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formation. For example, relative rotational movement 
between the substrate and a polishing pad can induce 
a shear force along the substrate surface and deform 
the low k material to form topographical defects, which 
can detrimentally affect subsequent polishing. 5 
[001 1 ] One solution for polishing copper in low dielec- 
tric materials is by polishing copper by electrochemical 
mechanical polishing (ECMP) techniques. ECMP tech- 
niques remove conductive material from a substrate 
surface by electrochemical dissolution while concur- 10 
rently polishing the substrate with reduced mechanical 
abrasion compared to conventional CMP processes. 
The electrochemical dissolution is performed by apply- 
ing a bias between a cathode and substrate surface to 
remove conductive materials from a substrate surface *5 
into a surrounding electrolyte. 
[0012] In one embodiment of an ECMP system, the 
bias is applied by a ring of conductive contacts in elec- 
trical communication with the substrate surface in a sub- 
strate support device, such as a substrate carrier head. 
However, the contact ring has been observed to exhibit 
non-uniform distribution of current over the substrate 
surface, which results in non-uniform dissolution. Me- 
chanical abrasion is performed by contacting the sub- 
strate with a conventional polishing pad and providing 
relative motion between the substrate and polishing 
pad. However, conventional polishing pads often limit 
electrolyte flow to the surface of the substrate. Addition- 
ally, the polishing pad may be composed of insulative 
materials that may interfere with the application of bias 
to the substrate surface and result in non-uniform orvar- 
iable dissolution of material from the substrate surface. 
[0013] As a result, there is a need for an improved 
polishing article for the removal of conductive material 
on a substrate surface. 

[0014] Aspects of the invention generally provide an 
article of manufacture and an apparatus for planarizing 
a layer on a substrate using electrochemical deposition 
techniques, electrochemical dissolution techniques, 
polishing techniques, and/or combinations thereof. 
[0015] In one aspect, a polishing article for polishing 
a substrate includes a body having a surface adapted 
to polish the substrate and at least one conductive ele- 
ment embedded at least partially in the body. The con- 
ductive element may include fibers coated with a con- 
ductive material, a conductive filler, or combinations 
thereof, which may be disposed in a binder material. The 
conductive element may include a fabric of interwoven 
fibers coated with the conductive material embedded at 
least partially in the body, a composite of fibers coated 
with the conductive material, conductive fillers, or com- 
binations thereof, and a binder, embedded at least par- 
tially in the body, or combinations thereof. The conduc- 
tive element may have a contact surface that extends 
beyond a plane defined by the polishing surface and 
may comprise a coil, one or more loops, one or more 
strands, an interwoven fabric of materials, or combina- 
tions thereof. A plurality of perforations and a plurality 



of grooves may be formed in the polishing article to fa- 
cilitate flow of material through and across the polishing 
article. 

[0016] In another aspect, a polishing article is provid- 
ed for processing a substrate surface, such as a con- 
ductive layer deposited on the substrate surface. The 
polishing article include a body comprising at least a por- 
tion of conductive fillers, fibers coated with a conductive 
material, or combinations thereof, and adapted to polish 
the substrate. A plurality of perforations and a plurality 
of grooves may be formed in the polishing article to fa- 
cilitate flow of material through and around the polishing 
article. 

[0017] In another aspect, the polishing articles may 
be disposed in an apparatus for processing a substrate 
including a basin, a permeable disc disposed in the ba- 
sin, the polishing article orthe article of manufacture dis- 
posed on the permeable disk, an electrode disposed in 
the basin between the permeable disc and the bottom 
of the basin, and a polishing head adapted to retain the 
substrate during processing. 

[0018] In another aspect, the polishing articles may 
be used as a conductive polishing article in a method 
for processing a substrate including providing an appa- 
ratus containing an enclosure, disposing a conductive 
polishing article in the enclosure, supplying an electri- 
cally conductive solution to the enclosure at a flow rate 
up to about 20 gallons per minute (GPM), positioning 
the substrate adjacent the conductive polishing article 
in the electrically conductive solution, contacting a sur- 
face of the substrate with the conductive polishing article 
in the electrically conductive solution, applying a bias 
between an electrode and the conductive polishing ar- 
ticle; and removing at least a portion of the surface of 
the substrate surface. 

[0019] In another aspect, a polishing article is provid- 
ed for processing a substrate, including a body having 
at least a conductive surface adapted to polish the sub- 
strate, wherein the conductive surface comprises at 
least one conductive element comprising conductive fill- 
ers, fibers coated with a conductive material, or combi- 
nations thereof, disposed in a polymeric material. 
[0020] In another aspect, a polishing article is provid- 
ed for processing a substrate, including a body having 
a surface adapted to polish the substrate and a conduc- 
tive element comprising a fabric of interwoven fibers 
coated with a conductive material. 
[0021 ] So that the manner in which the above recited 
aspects of the invention are attained and can be under- 
stood in detail, a more particular description of the in- 
vention, briefly summarized above, may be had by ref- 
erence to embodiments thereof which are illustrated in 
the appended drawings. 

[0022] It is to be noted, however, that the appended 
drawings illustrate only typical embodiments of this in- 
vention and, therefore, are not to be considered limiting 
of its scope, for the invention may admit to other equally 
effective embodiments. 
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[0023] Figure 1 is a plan view of one embodiment of 
a processing apparatus of the invention; 
[0024] Figure 2 is a sectional view of one embodiment 
of an ECMP station; 

[0025] Figure 3 is a partial cross-sectional view of one 
embodiment of a polishing article; 
[0026] Figure 4 is a top plan view of one embodiment 
of a grooved polishing article; 

[0027] Figure 5 is a top plan view of another embod- 
iment of a grooved polishing article; 
[0028] Figure 6 is a top plan view of another embod- 
iment of a grooved polishing article; 
[0029] Figure 7A is a top view of a conductive cloth or 
fabric described herein; 

[0030] Figures 73 and 7C are partial cross-sectional 

views of polishing articles having a polishing surface 

comprising a conductive cloth or fabric; 

[0031] Figure 7D is a partial cross-sectional view of 

an embodiment of a polishing article including a metal 

foil; 

[0032] Figures 8 A and 8B are top and cross-section 
schematic views, respectively, of one embodiment of a 
polishing article having a conductive element; 
[0033] Figures 8C and 8D are top and cross-section 
schematic views, respectively, of one embodiment of a 
polishing article having a conductive element; 
[0034] Figures 9 A and 9B are perspective views of 
other embodiments of a polishing article having a con- 
ductive element; 

[0035] Figure 1 0A is a partial perspective view of an- 
other embodiment of a polishing article; 
[0036] Figure 1 0B is a partial perspective view of an- 
other embodiment of a polishing article; 
[0037] Figure 1 0C is a partial perspective view of an- 
other embodiment of a polishing article; 
[0038] Figure 1 0D is a partial perspective view of an- 
other embodiment of a polishing article; 
[0039] Figure 1 0E is a partial perspective view of an- 
other embodiment of a polishing article; 
[0040] Figures 1 1 A-11 C are schematic side views of 
one embodiment of a substrate contacting one embod- 
iment of a polishing article described herein; 
[0041] Figures 12A-12D are top and side schematic 
views of embodiments of a polishing article having ex- 
tensions connected to a power source; and 
[0042] Figures 12E and 12Fshowside schematicand 
exploded perspective views of another embodiment of 
providing power to a polishing article. 
[0043] To facilitate understanding, identical reference 
numerals have been used, wherever possible, to desig- 
nate identical elements that are common to the figures. 
[0044] The words and phrases used herein should be 
given their ordinary and customary meaning in the art 
by one skilled in the art unless otherwise further defined. 
Chemical-mechanical polishing should be broadly con- 
strued and includes, but is not limited to : abrading a sub- 
strate surface by chemical activity, mechanical activity, 
or a combination of both chemical and mechanical ac- 



tivity. Electropolishing should be broadly construed and 
includes, but is not limited to, planarizing a substrate by 
the application of electrochemical activity, such as by 
anodic dissolution. 

5 [0045] Electrochemical mechanical polishing (ECMP) 
should be broadly construed and includes, but is not lim- 
ited to, planarizing a substrate by the application of elec- 
trochemical activity, chemical activity, mechanical activ- 
ity, or a combination of electrochemical, chemical, and 

io mechanical activity to remove material from a substrate 
surface. 

[0046] Electrochemical mechanical plating process 
(ECMPP) should be broadly construed and includes, but 
is not limited to, electrochemically depositing material 

'5 on a substrate and generally planarizing the deposited 
material by the application of electrochemical activity, 
chemical activity, mechanical activity, or a combination 
of electrochemical, chemical, and mechanical activity. 
[0047] Anodic dissolution should be broadly con- 

20 strued and includes, but is not limited to, the application 
of an anodic bias to a substrate directly or indirectly 
which results in the removal of conductive material from 
a substrate surface and into a surrounding electrolyte 
solution. Polishing surface is broadly defined as the por- 

25 tion of an article of manufacture that at least partially 
contacts a substrate surface during processing or elec- 
trically couples an article of manufacture to a substrate 
surface either directly through contact or indirectly 
through an electrically conductive medium. 

30 

Polishing Apparatus 

[0048] Figure 1 depicts a processing apparatus 1 00 
having at least one station suitable for electrochemical 

35 deposition and chemical mechanical polishing, such as 
electrochemical mechanical polishing (ECMP) station 
102 and at least one conventional polishing or buffing 
station 106 disposed on a single platform or tool. One 
polishing tool that may be adapted to benefit from the 

40 invention is a MIRRA® Mesa™ chemical mechanical 
polisher available from Applied Materials, Inc. located 
in Santa Clara, California. 

[0049] For example, in the apparatus 100 shown in 
Figure 1 , the apparatus 1 00 includes two ECMP stations 
1 02 and one polishing station 1 06. The stations may be 
used for processing a substrate surface. For example, 
a substrate having feature definitions formed therein 
and filled with a barrier layer and then a conductive ma- 
terial disposed over the barrier layer may have the con- 

50 ducive material removed in two steps in the two ECMP 
stations 1 02 with the barrier layer polished in the polish- 
ing station 106 to form a planarized surface. 
[0050] The exemplary apparatus 100 generally in- 
cludes a base 1 08 that supports one or more ECMP sta- 

55 tions 1 02, one or more polishing stations 1 06, a transfer 
station 110 and a carousel 112. The transfer station 110 
generally facilitates transfer of substrates 114 to and 
from the apparatus 100 via a loading robot 116. The 
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loading robot 1 1 6 typically transfers substrates 1 1 4 be- 
tween the transfer station 110 and a factory interface 
120 that may include a cleaning module 122 ; a metrol- 
ogy device 1 04 and one or more substrate storage cas- 
settes 118. One example of a metrology device 104 is 
aNovaScan™ Integrated Thickness Monitoring system, 
available from Nova Measuring Instruments, Inc., locat- 
ed in Phoenix, Arizona. 

[0051] Alternatively, the loading robot 116 (or factory 
interface 120) may transfer substrates to one or more 
other processing tools (not shown) such as a chemical 
vapor deposition tool, physical vapor deposition tool, 
etch tool and the like. 

[0052] In one embodiment, the transfer station 110 
comprises at least an input buffer station 1 24, an output 
buffer station 126, a transfer robot 132, and a load cup 
assembly 128. The loading robot 116 places the sub- 
strate 114 onto the input buffer station 124. The transfer 
robot 132 has two gripper assemblies, each having 
pneumatic gripper fingers that hold the substrate 1 1 4 by 
the substrate's edge. The transfer robot 1 32 lifts the sub- 
strate 114 from the input buffer station 124 and rotates 
the gripper and substrate 114 to position the substrate 
114 over the load cup assembly 128, then places the 
substrate 114 down onto the load cup assembly 128. 
[0053] The carousel 112 generally supports a plurality 
of polishing heads 130, each of which retains one sub- 
strate 1 14 during processing. The carousel 1 1 2 transfers 
the polishing heads 130 between the transfer station 
110, the one or more ECMP stations 102 and the one 
or more polishing stations 106. One carousel 112 that 
may be adapted to benefit from the invention is generally 
described in United States Patent No. 5,804,507, issued 
September 8, 1998 to Tolles et al., which is hereby in- 
corporated by reference to the extent it is not inconsist- 
ent with the claims and disclosure herein. 
[0054] Generally, the carousel 112 is centrally dis- 
posed on the base 108. The carousel 112 typically in- 
cludes a plurality of arms 138. Each arm 138 generally 
supports one of the polishing heads 130. One of the 
arms 138 depicted in Figure 1 is not shown so that the 
transfer station 110 may be seen. The carousel 112 is 
indexable such that the polishing head 130 may be 
moved between the stations 102, 106 and the transfer 
station 110 in a sequence defined by the user. 
[0055] Generally the polishing head 130 retains the 
substrate 114 while the substrate 114 is disposed in the 
ECMP station 102 or polishing station 106. The arrange- 
ment of the ECMP stations 106 and polishing stations 
102 on the apparatus 100 allow for the substrate 114 to 
be sequentially plated or polished by moving the sub- 
strate between stations while being retained in the same 
polishing head 130. One polishing head that may be 
adapted to the invention is a TITAN HEAD™ substrate 
carrier, manufactured by Applied Materials, Inc., located 
in Santa Clara, California. 

[0056] Examples of embodiments of polishing heads 
1 30 that may be used with the polishing apparatus 1 00 



described herein are described in United States Patent 
No. 6,024,630, issued February 25, 2000 to Shendon, 
et al., which is hereby incorporated by reference to the 
extent it is not inconsistent with the claims and disclo- 

5 sure herein. 

[0057] To facilitate control of the polishing apparatus 
1 00 and processes performed thereon, a controller 1 40 
comprising a central processing unit (CPU) 142, mem- 
ory 144, and support circuits 146, is connected to the 

10 polishing apparatus 100. The CPU 142 may be one of 
any form of computer processor that can be used in an 
industrial setting for controlling various drives and pres- 
sures. The memory 144 is connected to the CPU 142. 
The memory 144, or computer-readable medium, may 

15 be one or more of readily available memory such as ran- 
dom access memory (RAM), read only memory (ROM), 
floppy disk, hard disk, or any other form of digital stor- 
age, local or remote. The support circuits 146 are con- 
nected to the CPU 142 for supporting the processor in 

20 a conventional manner. These circuits include cache, 
power supplies, clock circuits, input/output circuitry, 
subsystems, and the like. 

[0058] Power to operate the polishing apparatus 1 00 
and/or the controller 140 is provided by a power supply 

25 150. Illustratively, the power supply 150 is shown con- 
nected to multiple components of the polishing appara- 
tus 100, including the transfer station 110, the factory 
interface 120, the loading robot 116 and the controller 
1 40. 1 n other embodiments separate power supplies are 

30 provided for two or more components of the polishing 
apparatus 100. 

[0059] Figure 2 depicts a sectional view of the polish- 
ing head 130 supported above an ECMP station 102. 
The ECMP station 102 generally includes a basin 202, 

35 an electrode 204, polishing article 205, a disc 206 and 
a cover 208. In one embodiment, the basin 202 is cou- 
pled to the base 1 08 of the polishing apparatus 1 00. The 
basin 202 generally defines a container or electrolyte 
cell in which a conductive fluid such as an electrolyte 

40 220 can be confined. The electrolyte 220 used in 
processing the substrate 114 can be used to process 
metals such as copper, aluminum, tungsten, gold, silver, 
or any other materials that can be electrochemically de- 
posited onto or electrochemically removed from the sub- 

45 strate114. 

[0060] The basin 202 can be a bowl shaped member 
made of a plastic such as fluoropolymers, TEFLON®, 
PFA, PE, PES, or other materials that are compatible 
with electroplating and electropolishing chemistries. 

50 The basin 202 has a bottom 21 0 that includes an aper- 
ture 216 and a drain 214. The aperture 21 6 is generally 
disposed in the center of the bottom 210 and allows a 
shaft 212 to pass therethrough. A seal 218 is disposed 
between the aperture 21 6 and the shaft 21 2 and allows 

55 the shaft 21 2 to rotate while preventing fluids disposed 
in the basin 202 from passing through the aperture 21 6. 
[0061 ] The basin 202 typically includes the electrode 
204, the disc 206, and the polishing article 205 disposed 
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therein. Polishing article 205, such as a polishing pad 
is disposed and supported in the basin 202 on the disc 
206. 

[0062] The electrode 204 is a counter-electrode to the 
substrate 114 and/or polishing article 205 contacting a 5 
substrate surface. The polishing article 205 is at least 
partially conductive and may act as an electrode in com- 
bination with the substrate during electrochemical proc- 
esses, such as an electrochemical mechanical plating 
process (ECMPP), which includes electrochemical dep- io 
osition and chemical mechanical polishing, or electro- 
chemical dissolution. The electrode 204 may be an an- 
ode or cathode depending upon the positive bias (an- 
ode) or negative bias (cathode) applied between the 
electrode 204 and polishing article 405. is 
[0063] For example, depositing materialfrom an elec- 
trolyte on the substrate surface, the electrode 204 acts 
as an anode and the substrate surface and/or polishing 
article 205 acts as a cathode. When removing material 
from a substrate surface, such as by dissolution from an 20 
applied bias, the electrode 204 functions as a cathode 
and the substrate surface and/or polishing article 205 
may act as an anode for the dissolution process. 
[0064] The electrode 204 is generally positioned be- 
tween the disc 206 and the bottom 21 0 of the basin 202 25 
where it may be immersed in the electrolyte 220. The 
electrode 204 can be a plate-like member, a plate having 
multiple apertures formed therethrough, or a plurality of 
electrode pieces disposed in a permeable membrane or 
container. A permeable membrane (not shown) may be 30 
disposed between the disc 206 and the electrode 204 
or electrode 204 and polishing article 205 to filter bub- 
bles, such as hydrogen bubbles, form the wafer surface 
and to reduce defect formation and stabilize or more uni- 
formly apply current or power therebetween. 35 
[0065] For electrodeposition processes, the electrode 
204 is made of the material to be deposited or removed, 
such as copper, aluminum, gold, silver, tungsten and 
other materials which can be electrochemically depos- 
ited on the substrate 114. For electrochemical removal 40 
processes, such as anodic dissolution, the electrode 

204 may include a non-consumable electrode of a ma- 
terial other than the deposited material, for example, 
platinum, carbon, or aluminum, for copper dissolution. 
[0066] The polishing article 205 can be a pad, a web 45 
or a belt of material, which is compatible with the fluid 
environment and the processing specifications. In the 
embodiment depicted in Figure 2, the polishing article 

205 is circular in form and positioned at an upper end of 
the basin 202, supported on its lower surface by the disc so 
206. The polishing article 205 includes at least a partially 
conductive surface of a conductive material, such as 
one or more conductive elements, for contact with the 
substrate surface during processing. The polishing arti- 
cle 205 may be a portion or all of a conductive polishing 55 
material or a composite of a conductive polishing mate- 
rial embedded in or disposed on a conventional polish- 
ing material. For example the conductive material may 



be disposed on a "backing" material disposed between 
the disc 206 and polishing article 205 to tailor the com- 
pliance and/or durometer of the polishing article 205 
during processing. 

[0067] The basin 202, the cover 208, and the disc 206 
may be movably disposed on the base 108. The basin 
202, cover 208 and disc 206 may be axially moved to- 
ward the base 1 08 to facilitate clearance of the polishing 
head 1 30 as the carousel 1 1 2 indexes the substrate 1 1 4 
between the ECMP and polishing stations 1 02, 1 06. The 
disc 206 is disposed in the basin 202 and coupled to the 
shaft 212. The shaft212 is generally coupled to a motor 
224 disposed below the base 108. The motor 224, in 
response to a signal from the controller 1 40, rotates the 
disc 206 at a predetermined rate. 
[0068] The disc 206 may be a perforated article sup- 
port made from a material compatible with the electro- 
lyte 220 which would not detrimentally affect polishing. 
The disc 206 may be fabricated from a polymer, for ex- 
ample fluoropolymers, PE, TEFLON®, PFA, PES, 
HDPE, UHMW or the like. The disc 206 can be secured 
in the basin 202 using fasteners such as screws or other 
means such as snap or interference fit with the enclo- 
sure, being suspendedtherein and the like. The disc 206 
is preferably spaced from the electrode 204 to provide 
a wider process window, thus reducing the sensitivity of 
depositing material and removing material from the sub- 
strate surface to the electrode 204 dimensions. 
[0069] The disc 206 is generally permeable to the 
electrolyte 220. In one embodiment, the disc 206 in- 
cludes a plurality of perforations or channels 222 formed 
therein. Perforations include apertures, holes, open- 
ings, or passages formed partially or completely through 
an object, such as the polishing article. The perforation 
size and density is selected to provide uniform distribu- 
tion of the electrolyte 220 through the disc 206 to the 
substrate 114. 

[0070] In one aspect of the disc 206 includes perfora- 
tions having a diameter between about 0.02 inches (0.5 
millimeters) and about 0.4 inches (10 mm). The perfo- 
rations may have a perforation density between about 
20% and about 80% of the polishing article. A perfora- 
tion density of about 50% has been observed to provide 
electrolyte flow with minimal detrimental effects to pol- 
ishing processes. Generally, the perforations of the disc 
206 and the polishing article 205 are aligned to provide 
to provide for sufficient mass flow of electrolyte through 
the disc 206 and polishing article 205 to the substrate 
surface. The polishing article 205 may be disposed on 
the disc 206 by a mechanical clamp or conductive ad- 
hesive. 

[0071] While the polishing articles described herein 
for electrochemical-mechanical polishing (ECMP) proc- 
esses, the invention contemplates using the conductive 
polishing article in other fabrication processes involving 
electrochemical activity. Examples of such processes 
using electrochemical activity include electrochemical 
deposition, which involves the polishing article 205 be- 
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ing used to apply an uniform bias to a substrate surface 
for depositing a conductive material without the use of 
conventional bias application apparatus, such as edge 
contacts, and electrochemical mechanical plating proc- 
esses (ECMPP) that include a combination of electro- 
chemical deposition and chemical mechanical polish- 
ing. 

[0072] In operation, the polishing article 205 is dis- 
posed on the disc 206 in an electrolyte in the basin 202. 
A substrate 1 1 4 on the polishing head is disposed in the 
electrolyte and contacted with the polishing article 205. 
Electrolyte is flowed through the perforations of the disc 
206 and the polishing article 205 and is distributed on 
the substrate surface by grooves formed therein. Power 
from a power source is then applied to the conductive 
polishing article 205 and the electrode 204 : and conduc- 
tive material, such as copper, in the electrolyte is then 
removed by an anodic dissolution method. 
[0073] The electrolyte 220 is flowed from a reservoir 
233 into the volume 232 via a nozzle 270. The electro- 
lyte 220 is prevented from overflowing the volume 232 
by a plurality of holes 234 disposed in a skirt 254. The 
holes 234 generally provide a path through the cover 
208 for the electrolyte 220 exiting the volume 232 and 
flowing into the lower portion of the basin 202. At least 
a portion of the holes 234 are generally positioned be- 
tween a lower surface 236 of the depression 258 and 
the center portion 252. As the holes 234 are typically 
higher than the lower surface 236 of the depression 258, 
the electrolyte 220 fills the volume 232 and is thus 
brought into contact with the substrate 21 4 and polishing 
medium 205. Thus, the substrate 21 4 maintains contact 
with the electrolyte 220 through the complete range of 
relative spacing between the cover 208 and the disc 
206. 

[0074] The electrolyte 220 collected in the basin 202 
generally flows through the drain 214 disposed at the 
bottom 210 into the fluid delivery system 272. The fluid 
delivery system 272 typically includes the reservoir233 
and a pump 242. The electrolyte 220 flowing into the 
fluid delivery system 272 is collected in the reservoir 
233. The pump 242 transfers the electrolyte 220 from 
the reservoir 233 through a supply line 244 to the nozzle 
270 where the electrolyte 220 recycled through the EC- 
MP station 102. A filter 240 is generally disposed be- 
tween the reservoir 233 and the nozzle 270 to remove 
particles and agglomerated material that may be 
present in the electrolyte 220. 

[0075] Electrolyte solutions may include commercial- 
ly available electrolytes. For example, in copper contain- 
ing material removal, the electrolyte may include sulfuric 
acid based electrolytes or phosphoric acid based elec- 
trolytes, such as potassium phosphate (K 3 P0 4 ), or com- 
binations thereof. The electrolyte may also contain de- 
rivatives of sulfuric acid based electrolytes, such as cop- 
per sulfate, and derivatives of phosphoric acid based 
electrolytes, such as copper phosphate. Electrolytes 
having perchloric acid-acetic acid solutions and deriva- 



tives thereof may also be used. 
[0076] Additionally, the invention contemplates using 
electrolyte compositions conventionally used in electro- 
plating or electropolishing processes, including conven- 
5 tionally used electroplating or electropolishing additives, 
such as brighteners among others. One source for elec- 
trolyte solutions used for electrochemical processes 
such as copper plating, copper anodic dissolution, or 
combinations thereof is Shipley Leonel, a division of Ro- 
to hm and Haas, headquartered in Philadelphia, Pennsyl- 
vania, under the tradename Ultrafill 2000. An example 
of a suitable electrolyte composition is described in Unit- 
ed States Patent Application Serial No. 10/038,066, filed 
on January 3, 2002, which is incorporated by reference 
15 to the extent not inconsistent with the aspects and 
claims herein. 

[0077] Electrolyte solutions are provided to the elec- 
trochemical cell to provide a dynamic flow rate on the 
substrate surface or between the substrate surface and 

20 an electrode at a flow rate up to about 20 gallons per 
minute (GPM), such as between about 0.5 GPM and 
about 20 GPM, for example, at about 2 GPM. It is be- 
lieved that such flow rates of electrolyte evacuate pol- 
ishing material and chemical by-products from the sub- 

25 strate surface and allow refreshing of electrolyte mate- 
rial for improved polishing rates. 

[0078] When using mechanical abrasion in the polish- 
ing process, the substrate 114 and polishing article 205 
are rotated relative to one another to remove material 

30 from the substrate surface. Mechanical abrasion may 
be provided by physical contact with both conductive 
polishing materials and conventional polishing materials 
as described herein. The substrate 114 and the polish- 
ing article 205 are respectively rotated at about 5 rpms 

35 or greater, such as between about 10 rpms and about 
50 rpms. 

[0079] In one embodiment, a high rotational speed 
polishing process may be used. The high rotational 
speed process includes rotating the polishing article 205 

40 at a platen speed of about 150 rpm or greater, such as 
between about 150 rpm and about 750 rpm; and the 
substrate 114 may be rotated at a rotational speed be- 
tween about 150 rpm and about 500 rpm, such as be- 
tween about 300 rpm and about 500 rpm. Further de- 

45 scription of a high rotational speed polishing process 
that may be used with the polishing articles, processes, 
and apparatus described herein is disclosed in U.S. Pat- 
ent Application Serial No. 60/308,030, filed on 
7/25/2001, and entitled, "Method And Apparatus For 

so Chemical Mechanical Polishing Of Semiconductor Sub- 
strates." Other motion, including orbital motion or a 
sweeping motion across the substrate surface, may also 
be performed during the process. 
[0080] When contacting the substrate surface, a pres- 

55 sure of about 6 psi or less, such as about 2 psi or less 
is applied between the polishing article 205 and the sub- 
strate surface. A pressure between of about 2 psi or 
less, such as about 0.5 psi or less is used with substrate 
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containing low dielectric constant material between the 
substrate 114 and the polishing article 205 during pol- 
ishing of the substrate. In one aspect, a pressure be- 
tween about 0.1 psi and about 0.2 psi may be used to 
polishing substrates with conductive polishing articles 
as described herein. 

[0081] In anodic dissolution, a potential difference or 
bias is applied between the electrode 204, performing 
as a cathode, and the polishing surface 310 of the pol- 
ishing article 205, performing as the anode. The sub- 
strate in contact with the polishing article is polarized via 
the conductive polishing surface article 31 0 at the same 
time the bias is applied to the conductive article support 
member. The application of the bias allows removal of 
conductive material, such as copper-containing materi- 
als, formed on a substrate surface. Establishing the bias 
may include the application of a voltage of about 1 5 volts 
or less to the substrate surface. A voltage between 
about 0.1 volts and about 10 volts may be used to dis- 
solve copper-containing material from the substrate sur- 
face and into the electrolyte. The bias may also produce 
a current density between about 0.1 milliamps/cm 2 and 
about 50 milliamps/cm 2 , or between about 0.1 amps to 
about 20 amps for a 200 mm substrate. 
[0082] The signal provided by the power supply 150 
to establish the potential difference and perform the 
anodic dissolution process may be varied depending 
upon the requirements for removing material from the 
substrate surface. For example, a time varying anodic 
signal may be provided to the conductive polishing me- 
dium 205. The signal may also be applied by electrical 
pulse modulation techniques. The electrical pulse mod- 
ification technique comprises applying a constant cur- 
rent density or voltage over the substrate for a first time 
period, then applying a constant reverse voltage over 
the substrate for a second time period, and repeating 
the first and second steps. For example, the electrical 
pulse modification technique may use a varying poten- 
tial from between about -0.1 volts and about -15 volts to 
between about 0.1 volts and about 15 volts. 
[0083] With the correct perforation pattern and densi- 
ty on the polishing media, it is believed that biasing the 
substrate from the polishing article 205 provides uniform 
dissolution of conductive materials, such as metals, into 
the electrolyte from the substrate surface as compared 
to the higher edge removal rate and lower center remov- 
al rate from conventional edge contact-pins bias. 
[0084] Conductive material, such as copper contain- 
ing material can be removed from at least a portion of 
the substrate surface at a rate of about 1 5 : 000 A/min or 
less, such as between about 100 A/min and about 
15,000 A/min. In one embodiment of the invention 
where the copper material to be removed is about 
12,000 A thick, the voltage may be applied to the con- 
ductive polishing article 205 to provide a removal rate 
between about 100 A/min and about 8,000 A/min. 
[0085] Following the electropolishing process, the 
substrate may be further polished or buffed to remove 



barrier layer materials, remove surface defects from di- 
electric materials, or improve planarity of the polishing 
process using the conductive polishing article. An ex- 
ample of a suitable buffing process and composition is 
5 disclosed in co-pending U.S. Patent Application Serial 
No. 09/569,968, filed on May 1 1 , 2000, and incorporated 
herein by reference to the extent not inconsistent with 
the claimed aspects or disclosure herein. 

10 Polishing Article Materials 

[0086] The polishing articles described herein may be 
formed from conductive materials that may comprise a 
conductive polishing material or may comprise a con- 

15 ductive element disposed in a dielectric or conductive 
polishing material. In one embodiment, a conductive 
polishing material may include conductive fibers, con- 
ductive fillers, or combinations thereof. The conductive 
fibers, conductive fillers, or combinations thereof may 

20 be dispersed in a polymeric material. 

[0087] The conductive fibers may comprise conduc- 
tive or dielectric materials, such as dielectric or conduc- 
tive polymers or carbon-based materials, at least par- 
tially coated or covered with a conductive material in- 

25 eluding a metal, a carbon-based material, a conductive 
ceramic material, a conductive alloy, or combinations 
thereof. The conductive fibers may be in the form of fib- 
ers or filaments, a conductive fabric or cloth , one or more 
loops, coils, or rings of conductive fibers. Multiple layers 

30 of conductive materials, for example, multiple layers of 
conductive cloth or fabric, may be used to form the con- 
ductive polishing material. 

[0088] The conductive fibers include dielectric or con- 
ductive fiber materials coated with a conductive materi- 

35 al. Dielectric polymeric materials may be used as fiber 
materials. Examples of suitable dielectric fiber materials 
include polymeric materials, such as polyamides, poly- 
imides, nylon polymer, polyurethane, polyester, polypro- 
pylene, polyethylene, polystyrene, polycarbonate, di- 

40 ene containing polymers, such as AES (polyacrylontrile 
ethylene styrene), acrylic polymers, or combinations 
thereof. 

[0089] The conductive fiber material may comprise in- 
trinsically conductive polymeric materials including 

45 polyacetylene, polyethylenedioxythiophene (PEDT), 
which is commercially available under the trade name 
Baytron™, polyaniline, polypyrrole, polythiophene, car- 
bon-based fibers, or combinations thereof. Another ex- 
ample of a conductive polymer is polymer-noble metal 

50 hybrid materials. Polymer-noble metal hybrid materials 
are generally chemically inert with a surrounding elec- 
trolyte, such as those with noble metals that are resist- 
ant to oxidation. An example of a polymer-noble metal 
hybrid material is a platinum-polymer hybrid material. 

55 Examples of conductive polishing materials, including 
conductive fibers, are more fully described in co-pend- 
ing U.S. Patent Application Serial No. 10/033,732, filed 
on December 27, 2001, entitled, "Conductive Polishing 
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Article For Electrochemical Mechanical Polishing", 
which is incorporated herein by reference to the extent 
not inconsistent with the claimed aspects and descrip- 
tion herein. The invention also contemplates the use of 
organic or inorganic materials that may be used as fibers 5 
described herein. 

[0090] The fiber material may be solid or hollow in na- 
ture. The fiber length is in the range between about 1 
jim and about 1000 mm with a diameter between about 
0.1 (im and about 1 mm. In one aspect, the diameter of 
fiber may be between about 5 u.m to about 200 um with 
an aspect ratio of length to diameter of about 5 or great- 
er, such as about 1 0 or greater, for conductive polymer 
composites and foams, such as conductive fibers dis- 
posed in polyurethane. The cross-sectional area of the 
fiber may be circular, elliptical, star-patterned, "snow 
flaked", or of any other shape of manufactured dielectric 
or conductive fibers. High aspect ratio fibers having a 
length between about 5 mm and about 1000 mm in 
length and between about 5 u.m and about 1000 \im in 
diameter may be used for forming meshes, loops, fab- 
rics or cloths, of the conductive fibers. The fibers may 
also have an elasticity modulus in the range between 
about 1 0 4 psi and about 1 0 8 psi. However, the invention 
contemplates any elastic modulus necessary to provide 
for compliant, elastic fibers in the polishing articles and 
processes described herein. 

[0091] Conductive material disposed on the conduc- 
tive or dielectric fibermaterial generally include conduc- 
tive inorganic compounds, such as a metals metal, a 
carbon-based material, a conductive ceramic material, 
a metal inorganic compound, or combinations thereof. 
Examples of metal that me be used for the conductive 
material coatings herein include noble metals, copper, 
nickeL cobalt, and combinations thereof. Noble metals 
include gold, platinum, palladium, iridium, rhenium, rho- 
dium, rhenium, ruthenium, osmium, and combinations 
thereof, of which gold and platinum are preferred. The 
invention also contemplates the use of other metals for 
the conductive material coatings than those illustrated 
herein. Carbon-based material includes carbon black, 
graphite, and carbon particles capable of being affixed 
to the fiber surface. Examples of ceramic materials in- 
clude niobium carbide (NbC), zirconium carbide (ZrC), 
tantalum carbide (TaC), titanium carbide (TiC), tungsten 
carbide (WC), and combinations thereof. The invention 
also contemplates the use of other metals, othercarbon- 
based materials, and other ceramic materials for the 
conductive material coatings than those illustrated here- 
in. 

[0092] Metal inorganic compounds include, for exam- 
ple, coppcrsulfidc ordanjenite, Cu g S 5 , disposed on pol- 
ymeric fibers, such as acrylic or nylon fibers. The dan- 
jenite coated fibers are commercially available under 
the tradename Thunderon® from Nihon Sanmo Dyeing 
Co. , Ltd, of Japan . The Thunderon® fibers typically have 
a coating of danjenite, Cu 9 S 5 , between about 0.03 jjm 
and about 0. 1 ^im and have been observed to have con- 



ductivities of about 40 a/cm. 

[0093] The conductive coating may be disposed di- 
rectly on the fiber by plating, coating, physical vapor 
deposition, chemical deposition, binding, or bonding of 
the conductive materials. Additionally, a nucleation, or 
seed, layer of a conductive material, for example, cop- 
per/cobalt or nickel, may be used to improve adhesion 
between the conductive material and the fiber material. 
The conductive material may be disposed on individual 
dielectric or conductive fibers of variable lengths as well 
as on shaped loops, foams, and cloths or fabrics made 
out of the dielectric or conductive fiber material. 
[0094] An example of a suitable conductive fiber is a 
polyethylene fiber coated with gold. Additional exam- 
ples of the conductive fibers include acrylic fibers plated 
with gold and nylon fibers coated with rhodium. An ex- 
ample of a conductive fiber using a nucleation material 
is a nylon fiber coated with a copper seed layer and a 
gold layer disposed on the copper layer 
[0095] The conductive fillers may include carbon 
based materials or conductive particles and fibers. Ex- 
amples of conductive carbon-based materials include 
carbon powder, carbon fibers, carbon nanotubes, car- 
bon nanofoam, carbon aerogels, graphite, and combi- 
nations thereof. Examples of conductive particles or fib- 
ers include intrinsically conductive polymers, dielectric 
or conductive particles coated with a conductive mate- 
rial, dielectric filler materials coated in conductive mate- 
rials, conductive inorganic particles, conductive ceramic 
particle, and combinations thereof. The conductive fill- 
ers may be partially or completely coated with a metal, 
such as a noble metal, a carbon-based material, con- 
ductive ceramic material, a metal inorganic compound, 
or combinations thereof, as described herein. An exam- 
ple of a filler material is a carbon fiber or graphite coated 
with copper or nickel. Conductive fillers may be spheri- 
cal, elliptical, longitudinal with certain aspect ratio, such 
as 2 or greater, or of any other shape of manufactured 
fillers. Filler materials are broadly defined herein as ma- 
terials that may be disposed in a second material to alter, 
the physical, chemical, or electrical properties of the 
second material. As such, filler materials may also in- 
clude dielectric or conductive fiber material partially or 
completely coated in a conductive metal or conductive 
polymers as described herein. The fillers of dielectric or 
conductive fiber material partially or completely coated 
in a conductive metal or conductive polymers may also 
be complete fibers or pieces of fibers. 
[0096] The conductive materials are used to coat both 
dielectric and conductive fibers and fillers to provide a 
desired level of conductivity for forming the conductive 
polishing material. Generally : the coating of conductive 
material is deposited on the fiber and/or filler material to 
a thickness between about 0.01 p.m and about 50 u,m, 
such as between about 0.02 jim and about 10 p.m. The 
coating typically results in fibers or fillers having resis- 
tivities less than about 100 0-cm, such as between 
about 0.001 a-cm and about 32 Q-cm. The invention 
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contemplates that resistivities are dependent on the ma- 
terials of both the fiber or filler and the coating used, and 
may exhibit resistivities of the conductive material coat- 
ing, for example, platinum, which has a resistivity 9.81 
[iQ-cm at 0°C. An example of a suitable conductive fiber 
includes a nylon fiber coated with about 0.1 um copper, 
nickel, or cobalt, and about 2 u.m of gold disposed on 
the copper, nickel, or cobalt layer, with a total diameter 
of the fiber between about 30 u.m and about 90 um 
[0097] The conductive polishing material may include 
a combination of the conductive or dielectric fibers ma- 
terial at least partially coated or covered with an addi- 
tional conductive material and conductive fillers for 
achieving a desired electrical conductivity or other pol- 
ishing article properties. An example of a combination 
is the used of graphite and gold coated nylon fibers as 
the conductive material comprising at least a portion of 
a conductive polishing material. 
[0098] The conductive fiber material, the conductive 
filler material, or combinations thereof, may be dis- 
persed in a binder material or form a composite conduc- 
tive polishing material. One form of binder material is a 
conventional polishing material. Conventional polishing 
materials are generally dielectric materials such as die- 
lectric polymeric materials. Examples of dielectric poly- 
meric polishing materials include polyurethane and 
polyurethane mixed with fillers, polycarbonate, polyphe- 
nylene sulfide (PPS), Teflon™ polymers, polystyrene, 
ethylene-propylene-diene-methylene (EPDM), or com- 
binations thereof, and other polishing materials used in 
polishing substrate surfaces. The conventional polish- 
ing material may also include felt fibers impregnated in 
urethane or be in a foamed state. The invention contem- 
plates that any conventional polishing material may be 
used as a binder material with the conductive fibers and 
fillers described herein. 

[0099] Additives may be added to the binder material 
to assist the dispersion of conductive fibers, conductive 
fillers or combinations thereof, in the polymer materials. 
Additives may be used to improve the mechanical, ther- 
mal, and electrical properties of the polishing material 
formed from the fibers and/or fillers and the binder ma- 
terial. Additives include cross-linkers for improving pol- 
ymer cross-linking and dispersants for dispersing con- 
ductive fibers or conductive fillers more uniformly in the 
binder material. Examples of cross-linkers include ami- 
no compounds, silane crosslinkers, polyisocyanate 
compounds, and combinations thereof. Examples of 
dispersants include N-substituted long-chain alkenyl 
succinimides, amine salts of high-molecular-weight or- 
ganic acids, co-polymers of methacrylic or acrylic acid 
derivatives containing polar groups such as amines, 
amides, imines, imides, hydroxyl, ether, Ethylene-pro- 
pylene copolymers containing polar groups such as 
amines, amides, imines, imides, hydroxyl, ether. In ad- 
dition sulfur containing compounds, such as thioglycolic 
acid and related esters have been observed as effective 
dispersers for gold coated fibers and fillers in binder ma- 



terials. The invention contemplates that the amount and 
types of additives will vary for the fiber or filler material 
as well as the binder material used, and the above ex- 
amples are illustrative and should not be construed or 
5 interpreted as limiting the scope of the invention. 

[0100] Further, a mesh of the conductive fiber and/or 
filler material may be formed in the binder material by 
providing sufficient amounts of conductive fiber and/or 
conductive filler material to form a physically continuous 
io or electrically continuous medium or phase in the binder 
material. The conductive fibers and/or conductive fillers 
generally comprise between about 2 wt.% and about 85 
wt.%, such as between about 5 wt.% and about 60 wt. 
%, of the polishing material when combined with a pol- 
15 ymeric binder material. 

[0101] An interwoven fabric or cloth of the fiber mate- 
rial coated with a conductive material, and optionally, a 
conductive filler, may be disposed in the binder. The fib- 
er material coated with a conductive material may be 
20 interwoven to form a yarn. The yarns may be pressed 
together to make a conductive mesh with the help of ad- 
hesives or coatings. The yarn may be disposed as a 
conductive element in a polishing pad material or may 
be woven into a cloth or fabric. 
25 [0102] Alternatively, the conductive fibers and/or fill- 
ers may be combined with a bonding agent to form a 
composite conductive polishing material. Examples of 
suitable bonding agents include epoxies, silicones, ure- 
thanes, polyimides, a polyamide, a fluoropolymer, fluor- 
30 inated derivatives thereof, or combinations thereof. Ad- 
ditional conductive material, such as conductive poly- 
mers, additional conductive fillers, or combinations 
thereof . may be used with the bonding agent for achiev- 
ing desired electrical conductivity or other polishing ar- 
35 tide properties. The conductive fibers and/or fillers may 
include between about 2 wt.% and about 85 wt.%, such 
as between about 5 wt.% and about 60 wt.%, of the com- 
posite conductive polishing material. 
[0103] The conductive fiber and/or filler material may 
40 be used to form conductive polishing materials or arti- 
cles having bulk or surface resistivity of about 50 H-cm 
or less, such as a resistivity of about 3 H-cm or less. In 
one aspect of the polishing article, the polishing article 
or polishing surface of the polishing article has a resis- 
ts tivity of about 1 Q-cm or less. Generally, the conductive 
polishing material or the composite of the conductive 
polishing material and conventional polishing material 
are provided to produce a conductive polishing article 
having a bulk resistivity or a bulk surface resistivity of 
50 about 50 n-cm or less. An example of a composite of 
the conductive polishing material and conventional pol- 
ishing material includes gold or carbon coated fibers 
which exhibit resistivities of 1 Q-cm or less, disposed in 
a conventional polishing material of polyurethane in suf- 
55 ficient amounts to provide a polishing article having a 
bulk resistivity of about 1 0 Q-cm or less. 
[0104] The conductive polishing materials formed 
from the conductive fibers and/or fillers described herein 
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generally have mechanical properties that do not de- 
grade under sustained electric fields and are resistant 
to degradation in acidic or basic electrolytes. The con- 
ductive material and any binder material used are com- 
bined to have equivalent mechanical properties,, if ap- 5 
plicable, of conventional polishing materials used in a 
conventional polishing article. 
[0105] For example, the conductive polishing materi- 
al, either alone or in combination with a binder material, 
has a hardness of about 100 or less on the Shore D 10 
Hardness scale for polymeric materials as described 
and measured by the American Society for Testing and 
Materials (ASTM), headquartered in Philadelphia, 
Pennsylvania. In one aspect, the conductive material 
has a hardness of about 80 or less on the Shore D Hard- 1$ 
ness scale for polymeric materials, such as a Shore D 
Hardness of between about 50 and about 80, for a con- 
ventional hard polishing pad. For example, a conductive 
polishing pad may have a Shore D Hardness between 
about 50 and about 70. The conductive polishing portion 20 
110 generally includes a surface roughness of about 
500 microns or less. The properties of the polishing pad 
are generally designed to reduce or minimize scratching 
of the substrate surfaces during mechanical polishing 
and when applying a bias to the substrate surface. 

Polishing Article Structures 

[0106] In one aspect, the polishing article is com- 
posed of a single layer of conductive polishing material 
described herein disposed on a support. In another as- 
pects, the polishing article may comprise a plurality of 
material layers including at least one conductive mate- 
rial on the substrate surface or providing for a conduc- 
tive surface for contacting a substrate and at least one 
article support portion or sub-pad. 
[0107] Figure 3A is a partial cross-sectional view of 
one embodiment of a polishing article 205. Polishing ar- 
ticle 205 illustrated in Figure 3 comprises a composite 
polishing article having a conductive polishing portion 
310 for polishing a substrate surface and an article sup- 
port, or sub-pad, portion 320. 

[0108] The conductive polishing portion 310 may 
comprise a conductive polishing material including the 
conductive fibers and/or conductive fillers as described 
herein. For example, the conductive polishing portion 
310 may include a conductive material comprising con- 
ductive fibers and/or conductive fillers dispersed in a 
polymeric material. Further, the conductive polishing 
portion may include one ormore loops, coils, or rings of 
conductive fibers, or conductive fibers interwoven to 
form a conductive fabric or cloth. The conductive polish- 
ing portion 310 may also be comprised of multiple layers 
of conductive materials, for example, multiple layers of 
conductive cloth or fabric. 

[0109] One example of the conductive polishing por- 
tion 31 0 includes graphite particles and gold coated ny- 
lon fibers disposed in polyurethane. Another example 



includes graphite particles, carbon nanotubes, carbon 
fibers, and combinations thereof, disposed in poly- 
urethane or silicone. 

[0110] The article support portion 320 generally has 
the same or smaller diameter or width of the conductive 
polishing portion 310. However, the invention contem- 
plates the article support portion 320 having a greater 
width or diameter than the conductive polishing portion 
31 0. While the figures herein illustrate a circular conduc- 
tive polishing portion 310 and article support portion 
320, the invention contemplates that the conductive pol- 
ishing portion 310, the article support portion 320, or 
both may have different shapes such as rectangular sur- 
faces or elliptical surfaces. The invention further con- 
templates that the conductive polishing portion 31 0, the 
article support portion 320, or both, may form a linear 
web or belt of material. 

[0111] The article support portion 320 may comprise 
inert materials in the polishing process and are resistant 
to being consumed or damaged during ECMP. For ex- 
ample, the article support portion may be comprised of 
a conventional polishing materials, including polymeric 
materials, for example, polyurethane and polyurethane 
mixed with fillers, polycarbonate, polyphenylene sulfide 
(PPS), ethylene-propylene-diene-methylene (EPDM), 
Teflon™ polymers, or combinations thereof, and other 
polishing materials used in polishing substrate surfaces. 
The article support portion 320 may be a conventional 
soft material, such as compressed felt fibers impregnat- 
ed with urethane, for absorbing some of the pressure 
applied between the polishing article 205 and the carrier 
head 1 30 during processing. The soft material may have 
a Shore A hardness between about 20 and about 90. 
[0112] Alternatively, the article support portion 320 
may be made from a conductive material compatible 
with surrounding electrolyte that would not detrimentally 
affect polishing including conductive noble metals or a 
conductive polymer, to provide electrical conduction 
across the polishing article. Examples of noble metals 
include gold, platinum, palladium, iridium, rhenium, rho- 
dium, rhenium, ruthenium, osmium, and combinations 
thereof, of which gold and platinum are preferred. Ma- 
terials that are reactive with the surrounding electrolyte, 
such as copper, may be used if such materials are iso- 
lated from the surrounding electrolyte by an Inert mate- 
rial, such as a conventional polishing material or a noble 
metal. 

[0113] When the article support portion 320 is con- 
ductive, the article support portion 320 may have a 
greater conductivity, i.e., lower resistivity, than the con- 
ductive polishing portion 31 0. For example, the conduc- 
tive polishing portion 31 0 may have a resistivity of about 
1 .0 a-cm or less as compared to an article support por- 
tion 320 comprising platinum, which has a resistivity 
9.81 u-Q-cm at 0°C. A conductive article support portion 
320 may provide for uniform bias or current to minimize 
conductive resistance along the surface of the article, 
for example, the radius of the article, during polishing 
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for uniform anodic dissolution across the substrate sur- 
face. A conductive article support portion 320 may be 
coupled to a power source for transferring power to the 
conductive polishing portion 31 0. 

[0114] Generally, the conductive polishing portion 5 
310 is adhered to the article support portion 320 by a 
conventional adhesive suitable for use with polishing 
materials and in polishing processes. The adhesive may 
be conductive or dielectric depending on the require- 
ments of the process or the desires of the manufacturer, 10 
The article support portion 320 may be affixed to a sup- 
port, such as disc 206, by an adhesive or mechanical 
clamp. Alternatively, if polishing article 205 only includes 
a conductive polishing portion 310, the conductive pol- 
ishing portion may be affixed to a support, such as disc 15 
206, by an adhesive or mechanical clamp 
[0115] The conductive polishing portion 310 and the 
article support portion 320 of the polishing article 205 
are generally permeable to the electrolyte. A plurality of 
perforations may be formed, respectively, in the conduc- 20 
tive polishing portion 310 and the article support portion 
320 to facilitate fluid flow therethrough. The plurality of 
perforations allows electrolyte to flow through and con- 
tact the surface during processing. The perforations 
may be inherently formed during manufacturing, such 25 
as between weaves in a conductive fabric or cloth, or 
may be formed and patterned through the materials by 
mechanical means. The perforations may be formed 
partially or completely through each layer of the polish- 
ing article 205. The perforations of the conductive pol- 30 
ishing portion 310 and the perforations of the article sup- 
port portion 320 may be aligned to facilitate fluid flow 
therethrough. 

[0116] Examples of perforations 350 formed in the 
polishing article 205 may include apertures in the pol- 35 
ishing article having a diameter between about 0.02 
inches (0.5 millimeters) and about 0.4 inches (10 mm). 
The thickness of the polishing article 205 may be be- 
tween about 0.1 mm and about 5 mm. For example, per- 
forations may be spaced between about 0.1 inches and 40 
about 1 inch from one another. 
[0117] The polishing article 205 may have a perfora- 
tion density between about 20% and about 80% of the 
polishing article in order to provide sufficient mass flow 
of electrolyte across the polishing article surface. How- 45 
ever, the invention contemplates perforation densities 
below or above the perforation density described herein 
that may be used to control fluid flow therethrough. In 
one example, a perforation density of about 50% has 
been observed to provide sufficient electrolyte flow to so 
facilitate uniform anodic dissolution from the substrate 
surface. Perforation density is broadly described herein 
as the volume of polishing article that the perforations 
comprise. The perforation density includes the aggre- 
gate number and diameter or size of the perforations, of 55 
the surface or body of the polishing article when perfo- 
rations are formed in the polishing article 205. 
[0118] The perforation size and density is selected to 



provide uniform distribution of electrolyte through the 
polishing article 205 to a substrate surface. Generally, 
the perforation size, perforation density, and organiza- 
tion of the perforations of both the conductive polishing 
portion 310 and the article support portion 320 are con- 
figured and aligned to each other to provide for sufficient 
mass flow of electrolyte through the conductive polish- 
ing portion 3 1 0 and the article support portion 320 to the 
substrate surface. 

[0119] Grooves may be disposed in the polishing ar- 
ticle 205 to promote electrolyte flow across the polishing 
article 205 to provide effective or uniform electrolyte flow 
with the substrate surface for anodic dissolution or elec- 
troplating processes. The grooves may be partially 
formed in a single layer or through multiple layers. The 
invention contemplates grooves being formed in the up- 
per layer or polishing surface that contacts the substrate 
surface. To provide increased or controlled electrolyte 
flow to the surface of the polishing article, a portion or 
plurality of the perforations may interconnect with the 
grooves. Alternatively, the all or none of the perforations 
may interconnect with the grooves disposed in the pol- 
ishing article 205. 

[0120] Examples of grooves used to facilitate electro- 
lyte flow include linear grooves, arcuate grooves, annu- 
lar concentric grooves, radial grooves, and helical 
grooves among others. The grooves formed in the arti- 
cle 205 may have a cross-section that is square, circular, 
semi-circular, or any other shape that may facilitate fluid 
flow across the surface of the polishing article. The 
grooves may intersect each other. The grooves may be 
configured into patterns, such as an intersecting X-Y 
pattern disposed on the polishing surface or an inter- 
secting triangular pattern formed on the polishing sur- 
face, or combinations thereof, to improve electrolyte 
flow over the surface of the substrate. 
[01 21 ] The grooves may be spaced between about 30 
mils and about 300 mils apart from one another. Gener- 
ally, grooves formed in the polishing article have a width 
between about 5 mils and about 30 mils, but may vary 
in size as required for polishing. An example of a groove 
pattern includes grooves of about 10 mils wide spaced 
about 60 mils apart from one another Any suitable 
groove configuration, size, diameter, cross-sectional 
shape, or spacing may be used to provide the desired 
flow of electrolyte. Additional cross sections and groove 
configurations are more fully described in co-pending 
United States Patent Provisional Application Serial No. 
60/328,434, filed on October 1 1 , 2001 , entitled "Method 
And Apparatus For Polishing Substrates", which is in- 
corporated herein by reference to the extent not incon- 
sistent with the claims and disclosure herein. 
[0122] Electrolyte transport to the surface of the sub- 
strate may be enhanced by intersecting some of the per- 
forations with the grooves to allow electrolyte to enter 
through one set of perforation, be evenly distributed 
around the substrate surface by the grooves, used in 
processing a substrate, and then processing electrolyte 



12 



1361023A2 I > 



23 



EP 1 361 023 A2 



24 



is refreshed by additional electrolyte flowing through the 
perforations. An example of a pad perforation and 
grooving is more fully described in United States Patent 
Application Serial No. 10/026,854, filed December 20, 
2001 , which is incorporated by reference to the extent s 
not inconsistent with the aspects and claims herein. 
[0123] Examples of polishing articles having perfora- 
tions and grooves are as follows. Figure 4 is a top plan 
view of one embodiment of a grooved polishing article. 
A round pad 440 of the polishing article 205 is shown 
having a plurality of perforations 446 of a sufficient size 
and organization to allow the flow of electrolyte to the 
substrate surface. The perforations 446 can be spaced 
between about 0.1 inches and about 1 inch from one 
another. The perforations may be circular perforations 
having a diameter of between about 0.02 inches (0.5 
millimeters) and about 0.4 inches (10 mm). Further the 
number and shape of the perforations may vary depend- 
ing upon the apparatus, processing parameters, and 
ECMP compositions being used. 
[0124] Grooves 442 are formed in the polishing sur- 
face 448 of the polishing article 205 therein to assist 
transport of fresh electrolyte from the bulk solution from 
basin 202 to the gap between the substrate and the pol- 
ishing article. The grooves 442 may have various pat- 
terns, including a groove pattern of substantially circular 
concentric grooves on the polishing surface 448 as 
shown in Figure 4, an X-Y pattern as shown in Figure 5 
and a triangular pattern as shown in Figure 6. 
[0125] Figure 5 is a top plan view of another embod- 
iment of a polishing pad having grooves 542 disposed 
in an X-Y pattern on the polishing portion 548 of a pol- 
ishing pad 540. Perforations 546 may be disposed at 
the intersections of the vertically and horizontally dis- 
posed grooves, and may also be disposed on a vertical 
groove, a horizontal groove, or disposed in the polishing 
article 548 outside of the grooves 542. The perforations 
546 and grooves 542 are disposed in the inner diameter 
544 of the polishing article and the outer diameter 550 
of the polishing pad 540 may be free of perforations and 
grooves and perforations. 

[0126] Figure 6 is another embodiment of patterned 
polishing article 640. In this embodiment, grooves may 
be disposed in an X-Y pattern with diagonally disposed 
grooves 645 intersecting the X-Y patterned grooves 
642. The diagonal grooves 645 may be disposed at an 
angle from any of the X-Y grooves 642, for example, 
between about 30° and about 60° from any of the X-Y 
grooves 642. Perforations 646 may be disposed at the 
intersections of the X-Y grooves 642, the intersections 
of the X-Y grooves 642 and diagonal grooves 645, along 
any of the grooves 642 and 645, or disposed in the pol- 
ishing article 648 outside of the grooves 642 and 645. 
The perforations 646 and grooves 642 are disposed in 
the inner diameter 644 of the polishing article and the 
outer diameter 650 of the polishing pad 640 may be free 
of perforations and grooves. 

[0127] Additional examples of groove patterns, such 



as spiraling grooves, serpentine grooves, and turbine 
grooves, are more fully described in co-pending United 
States Patent Provisional Application Serial No. 
60/328,434, filed on October 1 1 , 2001 , entitled "Method 
And Apparatus For Polishing Substrates", which is in- 
corporated herein by reference to the extent not incon- 
sistent with the claims and disclosure herein. 

Conductive Polishing Surfaces 

[0128] Figure 7A is a top sectional view of one em- 
bodiment of a conductive cloth or fabric 700 that may 
be used to form a conductive polishing portion 310 of 
the polishing article 205. The conductive cloth of fabric 
is composed of interwoven fibers 71 0 coated with a con- 
ductive material as described herein. The fabric of inter- 
woven fibers coated with a conductive material may in- 
clude a plurality of fibers coated with a conductive ma- 
terial interwoven to form a fabric. The fabric may also 
include a plurality of interwoven fibers to form a fabric 
that is then coated with a conductive material. The fabric 
may also be formed by a combination of the two proc- 
esses for forming the fabric of interwoven fibers coated 
with a conductive material. 

[01 29] In one embodiment, a weave or basket-weave 
pattern of the interwoven fibers 710 in the vertical 720 
and horizontal 730 directions is illustrated in Figure 7A. 
The invention contemplates other form of fabrics, such 
as yarns, or different interwoven, web, or mesh patterns 
to form the conductive cloth or fabric 700. In one aspect, 
the fibers 71 0 are interwoven to provide passages 740 
in the fabric 700. The passages 740 allow electrolyte or 
fluid flow, including ions and electrolyte components, 
through the fabric 700. The conductive fabric 700 may 
be disposed in a polymeric binder, such as poly- 
urethane. Conductive fillers may also be disposed in 
such a polymeric binder. 

[0130] Figure 7B is a partial cross-sectional view of 
the conductive cloth or fabric 700 disposed on the article 
support portion 320 of the article 205. The conductive 
cloth or fabric 700 may be disposed as one or more con- 
tinuous layers over the article support portion 320 in- 
cluding any perforations 350 formed in the article sup- 
port portion 320. The cloth or fabric 700 may be secured 
to the article support portion 320 by an adhesive. The 
fabric 700 is adapted to allow electrolyte flow through 
the fibers, weaves, or passages formed in the cloth or 
fabric 700 when immersed in an electrolyte solution. 
[0131] Alternatively, the fabric 700 may also be per- 
forated to increase electrolyte flow therethrough if the 
passages 740 are determined to not be sufficient to al- 
low effective flow of electrolyte through the fabric 700, 
i.e., metal ions cannot diffuse through. The fabric 700 is 
typically adapted or perorated to allow flow rates of elec- 
trolyte solutions of up to about 20 gallons per minute. 
[0132] Figure 7C is a partial cross-sectional view of 
the cloth or fabric 700 may be patterned with perfora- 
tions 750 to match the pattern of perforations 350 in the 
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article support portion 320. Alternatively, some or all of 
the perforations 750 of the conductive cloth or fabric 700 
may not be aligned with the perforations 350 of the ar- 
ticle support portion 320. Aligning or non-aligning of per- 
forations allow the operator or manufacturer to control 5 
the volume or flow rate of electrolyte through the polish- 
ing article to contact the substrate surface. 
[0133] An example of the fabric 700 is an interwoven 
basket weave of between about 8 and about 10 fibers 
wide with the fiber comprising a nylon fiber coated with 10 
gold. An example of the fiber is a nylon fiber, about 0.1 
u.m of cobalt, copper, or nickel material disposed on the 
nylon fiber, and about 2 urn of gold disposed on the co- 
balt, copper, or nickel material. 

[0134] Alternatively, a conductive mesh may be used is 
in place of the conductive cloth or fabric 700. The con- 
ductive mesh may comprises conductive fibers, conduc- 
tive fillers, or at least a portion of a conductive cloth 700 
disposed in or coated with a conductive binder. The con- 
ductive binder may comprise a nonmetallic conductive 20 
polymer or a composite of conductive material disposed 
in a polymeric compound. A mixture of a conductive fill- 
er, such as graphite powder, graphite flakes, graphite 
fibers, carbon fibers, carbon powder, carbon black, or 
fibers coated in a conductive material, and a polymeric 25 
material, such as polyurethane, may be used to form the 
conductive binder. The fibers coated with a conductive 
material as described herein may be used as a conduc- 
tive filler for use in the conductive binders. For example, 
carbon fibers or gold-coated nylon fibers may be used 30 
to form a conductive binder. 

[0135] The conductive binder may also include addi- 
tives if needed to assist the dispersion of conductive fill- 
ers and/or fibers, improve adhesion between polymer 
and fillers and/or fibers, and improve adhesion between 35 
the conductive foil and the conductive binder, as well as 
to improve of mechanical, thermal and electrical prop- 
erties of conductive binder. Examples of additives to im- 
prove adhesion include epoxies, silicones, urethanes, 
polyimides, or combinations thereof for improved adhe- 40 
sion. 

[0136] The composition of the conductive fillers and/ 
or fibers and polymeric material may be adapted to pro- 
vide specific properties, such as conductivity, abrasion 
properties, durability factors. For example conductive 45 
binders comprising between about 2 wt.% and about 85 
wt.% of conductive fillers may be used with the articles 
and processes described herein. Examples of materials 
that may be used as conductive fillers and conductive 
binders are more fully described in U.S. Patent Applica- so 
tion Serial No. 10/033,732, filed December 27 : 2001, 
which is incorporated herein by reference to the extent 
not inconsistent with the disclosure or claimed aspects 
herein. 

[0137] The conductive binder may have a thickness 55 
of between about 1 microns and 10 millimeters, such as 
between about 1 0 microns and about 1 millimeter thick. 
Multiple layers of conductive binders may be applied to 



the conductive mesh. The conductive mesh may be 
used in the same manner as the conductive cloth or fab- 
ric 700 as shown in Figures 7B and 7C. The conductive 
binder may be applied in multiple layers over the con- 
ductive mesh. In one aspect, the conductive binder is 
applied to the conductive mesh after the mesh has been 
perforated to protect the portion of the mesh exposed 
from the perforation process. 

[0138] Additionally, a conductive primer may be dis- 
posed on the conductive mesh before application of a 
conductive binder to improve adhesion of the conduc- 
tive binder to the conductive mesh. The conductive 
primer may be made of similar material to the conductive 
binder fibers with a composition modified to produce 
properties having a greater intermaterial adhesion than 
the conductive binder. Suitable conductive primer ma- 
terials may have resistivities below about 100 £>cm, 
such as between 0.001 £2-cm and about 32 Q-cm. 
[0139] Alternatively, a conductive foil may be used in 
place of the conductive cloth or fabric 700 as shown in 
Figure 7D. The conductive foil generally includes a met- 
al foil 780 disposed in or coated with a conductive binder 
790 on the support layer 320. Examples of material 
forming metalfoils include metal coated fabrics, conduc- 
tive metals such as copper, nickel, and cobalt, and noble 
metals, such as gold, platinum, palladium, iridium, rhe- 
nium, rhodium, rhenium, ruthenium, osmium, and com- 
binations thereof, of which gold and platinum are pre- 
ferred. 

[0140] The conductive foil may also include a nonme- 
tallic conductive foil sheet, such as a copper sheet, car- 
bon fiber woven sheet foil. The conductive foil may also 
include a metal coated cloth of a dielectric or conductive 
material, such as copper, nickel or gold coating a cloth 
of nylon fibers. The conductive foil may also comprise 
a fabric of conductive or dielectric materia! coated with 
a conductive binder material as described herein. The 
conductive foil may also comprise a wire frame ; screen 
or mesh of interconnecting conductive metal wires or 
strips, such as copper wire, which may be coated with 
a conductive binder material as described herein. The 
invention contemplates the use of other material in form- 
ing the metal foil described herein. 
[0141] A conductive binder 790 as described herein 
may encapsulate the metal foil 780, which allows the 
metal foil 780 to be conductive metals that are observed 
to react with the surrounding electrolyte, such as copper. 
The conductive foil may be perforated with a plurality of 
perforation 750 as described herein. While not shown, 
the conductive foil may be coupled to a conductive wire 
to power supply to bias the polishing surface. While not 
shown, the metal foil 780 may also be grooved. 
[0142] The conductive binder 790 may be as de- 
scribed for the conductive mesh or fabric 700 and may 
be applied in multiple layers over the metal foil 780. in 
one aspect, the conductive binder 790 is applied to the 
metal foil 780 after the metal foil 780 has been perforat- 
ed to protect the portion of the metal foil 780 exposed 
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from the perforation process. 

[0143] The conductive binder described herein may 
be disposed onto conductive fabric 700, foil 780, or 
mesh by casting liquid state adhesive or binder onto the 
fabric 700, foil 780 or mesh. The binder is then solidified 5 
on the fabric, foil or mesh after drying and curing. Other 
suitable processing methods including injection mold, 
compression mold, lamination, autoclave, extrusion, or 
combinations thereof may be used to encapsulate the 
conductive fabric, mesh, or foil. Both thermoplastic and 
thermosetting binders may be used for this application. 
[0144] Adhesion between the conductive binder and 
the metal foil components of the conductive foil may be 
enhanced by perforating the metal foil with a plurality of 
perforations having a diameter or width between about 
0.1 urn and about 1 mm or by applying a conductive 
primer between the metal foil and the conductive binder. 
The conductive primer may be of the same material as 
the conductive primer for the mesh described herein. 

Conductive Elements in Polishing Surfaces 

[0145] In another aspect, the conductive fibers and 
fillers described herein may be used to form distinct con- 
ductive elements disposed in a polishing material to 
form the conductive polishing article 205 of the inven- 
tion. The polishing material may be a conventional pol- 
ishing material or a conductive polishing material for ex- 
ample, a conductive composite of conductive fillers or 
fibers disposed in the polymer as described herein. The 
surface of the conductive elements may form a plane 
with the surface of the polishing article or may extend 
above a plane of the surface of the polishing article. 
Conductive elements may extend up to about 5 millim- 
eters above the surface of the polishing article. 
[01 46] While the following illustrate the use of conduc- 
tive elements having a specific structure and arrange- 
ment in the polishing material, the invention contem- 
plates that individual conductive fibers and fillers, and 
materials made therefrom, such as fabrics, may also be 
considered conductive elements. Further, while not 
shown, the following polishing article descriptions may 
include polishing articles having perforation and groov- 
ing patterns described herein and shown in Figures 4-6, 
with configurations to the patterns to incorporate the 
conductive elements described herein as follows. 
[0147] Figures 8A-8B depict a top and a cross-sec- 
tional schematic view of one embodiment of a polishing 
article 800 having conductive elements disposed there- 
in. The polishing article 800 generally comprises a body 
810 having a polishing surface 820 adapted to contact 
the substrate while processing. The body 810 typically 
comprises a dielectric or polymeric material, such as a 
dielectric polymer material, for example, polyurethane. 
[0148] The polishing surface 820 has one or more 
openings, grooves, trenches, or depressions 830 
formed therein to at least partially receive conductive 
elements 840. The conductive elements 840 may be 



generally disposed to have a contact surface 850 co- 
planar or extending above a plane defined by the pol- 
ishing surface 820. The contact surface 850 is typically 
configured, such as by having a compliant, elastic, flex- 
ible, or pressure moldable surface, to maximize electri- 
cal contact of the conductive elements 840 when con- 
tacting the substrate. During polishing, a contact pres- 
sure may be used to urge the contact surface 850 into 
a position co-planar with the polishing surface 820. 
[0149] The body 810 is generally made permeable to 
the electrolyte by a plurality of perforations 860 formed 
therein as described herein. The polishing article 800 
may have a perforation density between about 20% and 
about 80% of the surface area of the polishing article 
81 0 to provide sufficient electrolyte flow to facilitate uni- 
form anodic dissolution from the substrate surface. 
[0150] The body 81 0 generally comprises a dielectric 
material such as the conventional polishing materials 
described herein. The depressions 830 formed in the 
body 81 0 are generally configured to retain the conduc- 
tive elements 840 during processing, and accordingly 
may vary in shape and orientation. In the embodiment 
depicted in Figure 8A, the depressions 830 are grooves 
having a rectangular cross section disposed across the 
polishing article surface and forming an interconnecting 
"X" or cross pattern 870 at the center of the polishing 
article 800. The invention contemplates additional cross 
sections, such as inverse trapezoidal and rounded cur- 
vature where the groove contacts the substrate surface 
as described herein. 

[0151] Alternatively, the depressions 830 (and con- 
ductive elements 840 disposed therein) may be dis- 
posed at irregular intervals, be orientated radially, par- 
allel, or perpendicular, and may additionally be linear, 
curved, concentric, involute curves, or other cross-sec- 
tional areas. 

[0152] Figure 8C is a top schematic view of a series 
of individual conductive elements 840 radially disposed 
in the body 810, each element 840 separated physically 
or electrically by a spacer 875. The spacer 875 may be 
a portion of dielectric polishing material or a dielectric 
interconnect for the elements, such as a plastic inter- 
connect. Alternatively, the spacer 875 may be a section 
of the polishing article devoid of either the polishing ma- 
terial orconductive elements 840 to provide an absence 
of physical connection between the conductive ele- 
ments 840. In such a separate element configuration, 
each conductive element 840 may be individually con- 
nected to a power source by a conductive path 890, 
such as a wire. 

[0153] Referring back to figures 8A and 8B, the con- 
ductive elements 840 disposed in the body 81 0 are gen- 
erally provided to produce a bulk resistivity or a bulk sur- 
face resistivity of about 20 Q-cm or less. In one aspect 
of the polishing article, the polishing article has a resis- 
tivity of about 2 n-cm or less. The conductive elements 
840 generally have mechanical properties that do not 
degrade under sustained electric fields and are resistant 
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to degradation in acidic or basic electrolytes. The con- 
ductive elements 840 are retained in the depressions 
330 by press fit, clamping, adhesive, or by other meth- 
ods. 

[0154] In one embodiment, the conductive elements 5 
840 are sufficiently compliant, elastic, orf lexible to main- 
tain electrical contact between the contact surface 850 
and the substrate during processing. Sufficient compli- 
ant, elastic, or flexible materials for the conductive ele- 
ment 840 may have an analogous hardness of about 10 
1 00 or less on the Shore D Hardness scale compared 
to the polishing material. A conductive element 840 hav- 
ing an analogous hardness of about 80 or less on the 
Shore D Hardness scale for polymeric materials may be 
used. A compliant material, such as flexible or bendable 15 
fibers of material, may also be used as the conductive 
elements 840. 

[01 55] In the embodiment depicted in Figures 8A and 
8B, the conductive elements 840 are embedded in the 
polishing surface 810 disposed on an article support or 20 
sub-pad 81 5. Perforations 860 are formed through both 
polishing surface 81 0 and the article support 81 5 around 
conductive elements 840. 

[01 56] An example of the conductive elements 840 in- 
cludes dielectric or conductive fibers coated with a con- 25 
ductive material or conductive fillers blended with a pol- 
ymeric material, such as a polymer based adhesive, to 
make a conductive (and wear resistant) composite as 
described herein. The conductive elements 840 may al- 
so comprise conductive polymeric material or other con- 30 
ductive materials as described herein to improve elec- 
trically properties. For example, the conductive ele- 
ments comprise a composite of a conductive epoxy and 
a conductive fiber comprising a nylon fiber coated with 
gold, such as a nylon fiber coated with about 0.1 jam of 35 
cobalt, copper, or nickel disposed on the nylon fiber, and 
about 2 jam of gold disposed on the a nylon fiber, and 
carbon or graphite fillers to improve the composite's 
conductivity, which is deposited in a body of poly- 
urethane. 40 
[01 57] Figure 8D is a cross-sectional schematic view 
of another embodiment of a polishing article 800 having 
conductive elements disposed therein. The conductive 
elements 800 may be generally disposed to have a con- 
tact surface co-planar or extending above a plane de- 45 
fined by the polishing surface 820. The conductive ele- 
ments 840 may include the conductive fabric 700, as 
described herein, disposed, encapsulated or wrapped 
around a conductive member 845. Alternatively individ- 
ual conductive fibers and/or fillers may be disposed, en- 50 
capsulated. or wrapped around the conductive member 
845. The conductive member 845 may comprise a met- 
al ; such as a noble metal described herein, or other con- 
ductive materials, such as copper, suitable for use in 
electropolishing processes. The conductive element 55 
840 may also comprise a composite of the fabric and a 
binder material as described herein with the fabric form- 
ing an outer contact portion of the conductive element 



860 and the binder typically forming an inner support 
structure. The conductive element 860 may also com- 
prise a hollow tube having a rectangular cross-sectional 
area with the walls of the tube formed of rigid conductive 
fabric 700 and a bonding agent as described herein. 
[0158] A connector 890 is utilized to couple the con- 
ductive elements 840 to a power source (not shown) to 
electrically bias the conductive elements 840 during 
processing. The connector 890 is generally a wire, tape 
or other conductor compatible with process fluids or 
having a covering or coating that protects the connector 
890 from the process fluids. The connector 890 may be 
coupled to the conductive elements 840 by molding, sol- 
dering, stacking, brazing, clamping, crimping, riveting, 
fastening, conductive adhesive or by other methods or 
devices. Examples of materials that may be utilized in 
the connector 890 include insulated copper, graphite, ti- 
tanium, platinum, gold, aluminum, stainless steel, and 
HASTELOY® conductive materials among other mate- 
rials. 

[01 59] Coatings disposed around the connectors 890 
may include polymers such as fluorocarbons, poly-vinyl 
chloride (PVC) and polyimide. In the embodiment de- 
picted in Figure 8A, one connector 890 is coupled to 
each conductive element 840 atthe perimeter of the pol- 
ishing article 800. Alternatively, the connectors 890 may 
be disposed through the body 810 of the polishing article 
800. In yet another embodiment, the connector 890 may 
be coupled to a conductive grid (not shown) disposed 
in the pockets and/or through the body 81 0 that electri- 
cally couples the conductive elements 840. 
[0160] Figure 9A depicts another embodiment of a 
polishing material 900. The polishing material 900 in- 
cludes a body 902 having one or more at least partially 
conductive elements 904 disposed on a polishing sur- 
face 906. The conductive elements 904 generally com- 
prise a plurality of fibers, strands, and/or flexible fingers 
that are compliant or elastic and adapted to contact a 
substrate surface while processing. The fibers are com- 
prised of an at least partially conductive material, such 
as a fiber composed of a dielectric material coated with 
a conductive material as described herein. The fibers 
may also be solid or hollow in nature to decrease or in- 
crease the amount of compliance or flexibility of the fib- 
ers. 

[0161] In the embodiment depicted in Figure 9A, the 
conductive elements 904 are a plurality of conductive 
sub-elements 913 coupled to a base 909. The conduc- 
tive sub-elements 913 include the at least partially elec- 
trically conductive fibers described herein. An example 
of the sub-elements 913 include a nylon fiber coated 
with gold as described herein or carbon fiber. The base 
909 also comprises an electrically conductive material 
and is coupled to a connector 990. The base 909 may 
also be coated by a layer of conductive material, such 
as copper, that dissolves from the polishing pad article 
during polishing, which is believed to extend the 
processing duration of the conductive fibers. 
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[0162] The conductive elements 904 generally are 
disposed in a depression 908 formed in the polishing 
surface 906. The conductive elements 904 may be ori- 
entated between 0 and 90 degrees relative to the pol- 
ishing surface 906. In embodiments where the conduc- 5 
tive elements 904 are orientated parallel to the polishing 
surface 906, the conductive elements 904 may partially 
be disposed on the polishing surface 906. 
[0163] The depressions 908 have a lower mounting 
portion 910 and an upper, clearance portion 912. The 10 
mounting portion 910 is configured to receive the base 
909 of the conductive elements 904, and retain the con- 
ductive elements 904 by press fit, clamping, adhesive, 
or by other methods. The clearance portion 912 is dis- 
posed where the depression 908 intersects the polish- 
ing surface 906. The clearance portion 91 2 is generally 
larger in cross section than the mounting portion 910 to 
allow the conductive elements 904 to flex when contact- 
ing a substrate while polishing without being disposed 
between the substrate and the polishing surface 906. 
[0164] Figure 9B depicts another embodiment of a 
polishing article 900 having a conducting surface 940 
and a plurality of discrete conductive elements 920 
formed thereon. The conductive elements 920 comprise 
fibers of dielectric material coated by a conductive ma- 
terial are vertically displaced from the conducting sur- 
face 940 of the polishing article 205 and are horizontally 
displaced from each other. The conducting elements 
920 of the polishing article 900 are generally orientated 
between 0 to 90 degrees relative to a conducting surface 
940 and can be inclined in any polar orientation relative 
to a line normal to the conducting surface 940. The con- 
ductive elements 920 may be formed across the length 
of the polishing pads, as shown in Figure 9B or only may 
be disposed in selected areas of the polishing pad. The 
contact height of the conductive elements 920 above the 
polishing surface may be up to about 5 millimeters. The 
diameter of the material comprising the conductive ele- 
ment 920 is between about 1 mil (thousandths of an 
inch) and about 1 0 mils. The height above the polishing 
surface and a diameter of the conductive elements 920 
may vary upon the polishing process being performed. 
[0165] The conductive elements 920 are sufficiently 
compliant or elastic to deform under a contact pressure 
while maintaining an electrical contact with a substrate 
surface with reduced or minimal scratching of the sub- 
strate surface. In the embodiment shown in Figure 9A 
and 9B, the substrate surface may only contacts the 
conductive elements 920 of the polishing article 205. 
The conductive elements 920 are positioned so as to 
provide an uniform current density over the surface of 
the polishing article 205. 

[0166] The conductive elements 920 are adhered to 
the conducting surface by a non-conductive, or dielec- 
tric, adhesive or binder. The non-conductive adhesive 
may provide a dielectric coating to the conducting sur- 
face 940 to provide an electrochemical barrier between 
the conducting surface 940 and any surrounding elec- 



trolyte. The conducting surface 940 may be in the form 
of a round polishing pad or a linear web or belt of pol- 
ishing article 205. A series of perforations (not shown) 
may be disposed in the conducting surface 940 for pro- 
vided flow of electrolyte therethrough. 
[0167] While not shown, the conductive plate may be 
disposed on a support pad of conventional polishing ma- 
terial for positioning and handling of the polishing article 
900 on a rotating or linear polishing platen. 
[0168] Figure 10A depicts a schematic perspective 
view of one embodiment of a polishing article 1 000 com- 
prised of conductive element 1 004. Each conductive el- 
ement 1004 generally comprises a loop or ring 1006 
having a first end 1 008 and a second end 1 01 0 disposed 
in a depression 1012 formed in the polishing surface 
1024. Each conductive element 1004 may be coupled 
to an adjoining conductive element to form a plurality of 
loops 1 006 extending above the polishing surface 1 024. 
[0169] In the embodiment depicted in Figure 10A, 
each loop 1 006 is fabricated from a fiber coated by a 
conductive material and are coupled by a tie wire base 
1014 adhered to the depression 1012. An example of 
the loop 1 006 is a nylon fiber coated with gold. 
[0170] The contact height of the loop 1 006 above the 
polishing surface may be between about 0.5 millimeter 
and about 2 millimeters and the diameter of the material 
comprising the loop may be between about 1 mil (thou- 
sandths of an inch) and about 50 mils. The tie wire base 
1014 may be a conductive material, such as titanium, 
copper, platinum, or platinum coated copper. The tie 
wire base 1014 may also be coated by a layer of con- 
ductive material, such as copper, that dissolves from the 
polishing pad article during polishing. The use of a layer 
of conductive material on the tie wire base 1 014 is be- 
lieved to be a sacrificial layer that dissolves in prefer- 
ence of the underlying loop 1 006 material or tie wire 
base 1 014 material to extend the life of the conductive 
element 1004. The conductive elements 1004 may be 
orientated between 0 to 90 degrees relative to a polish- 
ing surface 1 024 and can be inclined in any polar orien- 
tation relative to a line normal to the polishing surface 
1024. The conductive elements 1004 are coupled to a 
power source by electrical connectors 1 030. 
[0171] Figure 10B depicts a schematic perspective 
view of another embodiment of a polishing article 1000 
comprised of conductive element 1 004. The conductive 
element 1004 comprises a singular coil 1005 of a wire 
composed of a fiber coated with a conductive material 
as described herein. The coil 1 005 is coupled to a con- 
ductive member 1007 disposed on a base 1014. The 
coil 1 005 may be encircle the conductive member 1 007, 
encircle the base 1014, or be adhered to the surface of 
the base 1014. The conductive bar may comprise a con- 
ductive material, such as gold, and generally comprises 
a conductive material that is chemically inert, such as 
gold or platinum, with any electrolyte used in a polishing 
process. Alternatively, a layer 1 009 of sacrificial materi- 
al, such as copper, is disposed on the base 1014. The 
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layer 1009 of sacrificial material is generally a more 
chemically reactive material, such as copper, than the 
conductive member 1 007 for preferential removal of the 
chemically reactive material compared to the material 
of the conductive member 1 007 and the coil 1 005, dur- 5 
ing an electropolishing aspect, or anodic dissolution as- 
pect, of the polishing process. The conductive member 
1 007 may be coupled to a power source by electrical 
connectors 1030. 

[0172] A biasing member may be disposed between to 
the conductive elements and the body to provide a bias 
that urges the conductive elements away from the body 
and into contact with a substrate surface during polish- 
ing. An example of a biasing member 1018 is shown in 
Figure 10B. However, the invention contemplates that J5 
the conductive elements shown herein, for example in 
Figures 8A-8D, 9A, 10A-10D, may use a biasing mem- 
ber. The biasing member may be a resilient material or 
device including a compression spring, a flat spring, a 
coil spring, a foamed polymer such as foamed poly- 20 
urethane (e.g., PORON® polymer), an elastomer, a 
bladder or other member or device capable of biasing 
the conductive element. The biasing member may also 
be a compliant or elastic material, such as compliant 
foam or aired soft tube, capable of biasing the conduc- 25 
tive element against and improve contact with the sub- 
strate surface being polished. The conductive elements 
biased may form a plane with the surface of the polishing 
article or may extend above a plane of the surface of the 
polishing article. 30 
[0173] Figure 10C shows a schematic perspective 
view of another embodiment of a polishing article 1000 
having a plurality of conductive elements 1004, dis- 
posed in a radial pattern from the center of the substrate 
to the edge. The plurality of conductive elements may 35 
be displaced from each other at intervals of 15°, 30°, 
45° , 60°, and 90° degrees, or any other combinations 
desired. The conductive elements 1004 are generally 
spaced to provide as uniform application of current or 
power for polishing of the substrate. The conductive el- 40 
ements may be further spaced so as to not contact each 
other. Wedge portions 1004 of a dielectric polishing ma- 
terial of the body 1 026 may be configured to electrically 
isolate the conductive elements 1004. A spacer or re- 
cessed area 1 060 is also formed in the polishing article 45 
to also isolate the conductive elements 1 004 from each 
other. The conductive elements 1 004 may be in the form 
of loops as shown in Figure 10A or vertical extending 
fibers as shone in Figure 9B. 

[0174] Figure 10D depicts a schematic perspective 50 
view of an alternative embodiment of the conductive el- 
ement 1004 of Figure 10A. The conductive element 
1 004 comprises a mesh or fabric of interwoven conduc- 
tive fibers 1006 as described herein having a first end 
1 008 and a second end 1 01 0 disposed in a depression 55 
1012 formed in the polishing surface 1024 to form one 
continuous conductive surface for contact with the sub- 
strate. The mesh or fabric may be of one or more layers 



of interwoven fibers. The mesh or fabric comprising the 
conductive element 1 004 is illustrated as a single layer 
in Figure 10D. The conductive element 1004 may be 
coupled to a conductive base 1014 and may extend 
above the polishing surface 1024 as shown in Figure 
10A. The conductive element 1004 may be coupled to 
a power source by electrical connectors 1030 connect- 
ed to the conductive base 1014. 
[01 75] Figure 1 0E shows a partial schematic perspec- 
tive view of another embodiment of forming the conduc- 
tive elements 1004 having loops 1006 formed therein 
and securing the conductive elements to the body 1 026 
of the polishing article. Passages 1 050 are formed in the 
body 1024 of the polishing article intersecting grooves 
1070 for the conductive elements 1004. An insert 1 055 
is disposed in the passages 1 050. The insert 1 055 com- 
prises a conductive material, such as gold or the same 
material as the conductive element 1006. Connectors 
1030 may then be disposed in the passages 1050 and 
contacted with the insert 1 055. The connectors 1 030 are 
coupled to a power source. Ends 1 075 of the conductive 
element 1 004 may be contacted with the insert 1 055 for 
flow of power therethrough. The ends 1075 of the con- 
ductive element 1 004 and the connectors 1 030 are then 
secured to the conductive insert 1055 by dielectric in- 
serts 1060. The invention contemplated using the pas- 
sages for every loop 1006 of the conductive element 
1004, at intervals along the length of the conductive el- 
ement 1 004, or only at the extreme ends of the conduc- 
tive element 1004. 

[0176] Figures 11A-C are a series of schematic side 
views illustrating the elastic ability of the loops or rings 
of conductive materials described herein. A polishing ar- 
ticle 1 1 00 comprises a polishing surface 1110 disposed 
on a sub-pad 1 1 20 formed over a pad support 1 1 30 with 
grooves or depressions 1 1 40 therein . A conductive ele- 
ment 1 1 40 comprising a loop or ring 1 1 50 of a dielectric 
material coated by a conductive material is disposed on 
a tie base 1 1 55 in the depression 1 1 70 and coupled with 
an electrical contact 1 1 45. A substrate 1 1 60 is contacted 
with the polishing article 1 1 00 and moved in relative mo- 
tion with the surface of the polishing article 1 1 00. As the 
substrate contacts the conductive element 1140, the 
loop 1150 compresses into the depression 1140 while 
maintaining electrical contact with the substrate 1 1 60 as 
shown in Figure 11B. When the substrate is moved a 
sufficient distance to no longer contact the conductive 
element 1440, the elastic loop 1150 returns to the un- 
compressed shape for additional processing as shown 
in Figure 11 C. 

[0177] Further examples of conductive polishing pads 
are described in United States Provisional Patent Appli- 
cation Serial Number 10/033,732, filed December 27, 
2001 , which is incorporated by reference to the extent 
not inconsistent with the aspects and claims herein, 
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Power Application 

[0178] Power may be coupled into the polishing arti- 
cles 205 described above by using a connector as de- 
scribed herein or a power transference device. A power 5 
transference device is more fully detailed in United 
States Provisional Patent Application Serial Number 
10/033,732, filed December 27, 2001 , which is incorpo- 
rated by reference to the extent not inconsistent with the 
aspects and claims herein. 

[01 79] Referring back to Figures 11 A-11 C, power may 
be coupled to conductive elements 1140 by the use of 
electrical contacts 1 1 45 comprising conductive plates or 
mounts disposed in the grooves or depressions 1170 
formed in the polishing pad. In the embodiment shown 
in Figure 1 1 A, the conductive elements 1 1 40 are mount- 
ed on plates of a metal, such as gold, which are mounted 
on a support, such as disc 206, with the polishing article 
1100 as shown in Figure 2. Alternatively, the electrical 
contacts may be disposed on a polishing pad material 
between a conductive elements and a polishing pad ma- 
terial, for example, between the conductive element 840 
and the body 81 0 as shown in Figures 8A and 8B. The 
electrical contacts are then coupled to a power source 
by leads (not shown) as described above in Figures 8A- 
8D. 

[0180] Figures 12A-12D are top and side schematic 
view of embodiments of a polishing article having exten- 
sions connected to a power source (not shown). The 
power source provides the current carrying capability, /. 
e., the anodic bias to a substrate surface for anodic dis- 
solution in an ECMP process. The power source may 
be connected to the polishing article by one or more con- 
ductive contacts disposed around the conductive pol- 
ishing portion and/or the article support portion of the 
polishing article. One or more power sources may be 
connected to the polishing article by the one or more 
contacts to allow for generating variable bias or current 
across portion of the substrate surface. Alternatively, 
one or more leads may be formed in the conductive pol- 
ishing portion and/or the article support portion, which 
are coupled to a power source. 
[0181] Figure 12A is a top plan view of one embodi- 
ment of a conductive polishing pad coupled to a power 
source by a conductive connector. The conductive pol- 
ishing portion may have extensions, for example, a 
shoulder or individual plugs, formed in the conductive 
polishing portion 1210 with a greater width or diameter 
than the article support portion 1220. The extensions 
are coupled to a power source by a connector 1225 to 
provide electrical current to the polishing article 205. In 
Figure 12B, extensions 1215 may be formed to extend 
parallel or laterally from the plane of the conductive pol- 
ishing portion 1 21 0 and extending beyond the diameter 
of the polishing support portion 1 220. The pattern of the 
perforation and grooving are as shown in Figure 6. 
[0182] Figure 12B is a cross-section schematic view 
of one embodiment of a connector 1225 coupled to a 



power source (not shown) via a conductive pathway 
1 232, such as a wire. The connector comprises an elec- 
trical coupling 1234 connected to the conductive path- 
way 1 232 and electrically coupled to the conductive pol- 
ishing portion 1 21 0 of the extension 1 21 5 by a conduc- 
tive fastener 1 230, such as a screw. A bolt 1 238 may be 
coupled to the conductive fastener 1230 securing the 
conductive polishing portion 1210 therebetween. Spac- 
ers 1236, such as washer, may be disposed between 
the conductive polishing portion 1210 and the fastener 
1230 and bolt 1238. The spacers 1236 may comprise a 
conductive material. The fastener 1230, the electrical 
coupling 1 234, the spacers 1 236, and the bolt 1 238 may 
be made of a conductive material, for example, gold, 
platinum, titanium, aluminum, or copper. If a material 
that may react with the electrolyte is used, such as cop- 
per, the material may be covered in a material that is 
inert to reactions with the electrolyte, such as platinum. 
While not shown, alternative embodiments of the con- 
ductive fastener may include a conductive clamp, con- 
ductive adhesive tape, or a conductive adhesive. 
[0183] Figure 1 2C is a cross-section schematic view 
of one embodiment of a connector 1225 coupled to a 
power source (not shown) via a support 1260, such as 
the upper surface of a platen or disc 206 as shown in 
Figure 2. The connector 1225 comprises a fastener 
1 240, such as a screw or bolt having sufficient length to 
penetrate through the conductive polishing portion 1 21 0 
of the extension 1215 to couple with the support 1260. 
A spacer 1242 may be disposed between the conduc- 
tive polishing portion 1210 and the fastener 1240. 
[01 84] The support is generally adapted to receive the 
fastener 1240. An aperture 1246 may be formed in the 
surface of the support 1260 to receive the fastener as 
shown in Figure 12C. Alternatively, an electrical cou- 
pling may be disposed between the fastener 1240 and 
the conductive polishing portion 1210 with the fastener 
coupled with a support 1 260. The support 1 260 may be 
connected to a power source by a conductive pathway 
1232, such as a wire, to a power source external to a 
polishing platen or chamber or a power source integrat- 
ed into a polishing platen or chamber to provide electri- 
cal connection with the conductive polishing portion 
1210. The conductive path 1232 may be integral with 
the support 1260 or extend from the support 1260 as 
shown in Figure 12B 

[0185] In a further embodiment, the fastener 1240 
may be an integrated extension of the support 1 260 ex- 
tending through the conductive polishing portion 1215 
and secured by a bolt 1248 as shown in Figure 12D. 
[01 86] Figures 1 2E and 1 2F show side schematic and 
exploded perspective views of another embodiment of 
providing power to a polishing article 1270 having a 
power coupling 1 285 disposed between a polishing por- 
tion 1280 and a article support portion 1290. The pol- 
ishing portion 1280 may be made of a conductive pol- 
ishing material as described herein or include a plurality 
of conductive elements 1275 as described herein. The 
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conductive elements 1275 may be physically isolated 
from one another as shown in Figure 12F. The conduc- 
tive elements 1275 formed in the polishing surface are 
adapted to electrically contact the power coupling 1 285, 
such as by a conductive base of the element. 
[01 87] The power coupling 1 285 may comprise a wire 
interconnecting elements 1275, multiple parallel wires 
interconnecting elements 1275 ; multiple wires inde- 
pendently connecting elements 1275, or a wire mesh 
interconnecting elements connecting elements 1275 to 
one or more power sources. Independent power sourc- 
es coupled to independent wires and elements may 
have varied power applied while interconnected wires 
and elements may provide uniform power to the ele- 
ments. The power coupling may cover a portion or all of 
the diameter or width of the polishing article. The power 
coupling 1285 in Figure 12F is an example of a wire 
mesh interconnecting elements connecting elements 
1 275. The power coupling 1 285 may be connected to a 
power source by a conductive pathway 1287, such as a 
wire, to a power source external to a polishing platen or 
chamber or a power source integrated into a polishing 
platen or chamber. 

[0188] While foregoing is directed to various embod- 
iments of the invention, other and further embodiments 
of the invention may be devised without departing from 
the basic scope thereof, and the scope thereof is deter- 
mined by the claims that follow. 



Claims 



conductive materials, conductive inorganic parti- 
cles, conductive ceramic particles, and combina- 
tions thereof. 

5 3. The polishing article of claim 1, wherein the body 
comprises a polymeric material from the group of 
polyester, polyurethane, polycarbonate, polysty- 
rene, polyphenylene sulfide, felt fibers impregnated 
with urethane, and combinations thereof. 

w 

4. The polishing article of claim 1 or claim 2, wherein 
the fiber coated with the conductive material further 
comprises a nucleation material or a binder material 
disposed between the fiber and the conductive ma- 

15 terial. 

5. The polishing article of any of claim si to 3, wherein 
the polishing article comprises polyamide fibers 
with gold disposed thereon and*graphite disposed 

20 in a polyurethane binder or graphite, carbon nano- 
tubes, carbon fibers, and combinations thereof dis- 
posed in polyurethane or silicone. 

6. The polishing article of any of claims 1 to 5, wherein 
25 the body further comprises a plurality of grooves or 

perforations formed at least partially therein. 

7. The polishing article of claim 6, wherein the at least 
one conductive element is disposed in one or more 
of the plurality of grooves formed at least partially 
therein. 



1 . A polishing article for processing a substrate, com- 
prising: 

35 

a body having a surface adapted to polish the 
substrate; and 

at least one conductive element embedded at 
least partially in the body, the conductive ele- 
ment comprising fibers coated with a conduc- 40 
tive material, conductive fillers, or combina- 
tions thereof. 

2. The polishing article of claim 1 , wherein the fibers 
comprise a polymeric material selected from the 45 
group of polyamides, nylon polymer, polyurethane, 
polyester, polypropylene, polyethylene, polycar- 
bonate, diene containing polymers, polystyrene, 
polyacrylontrile ethylene styrene, acrylic polymers, 
and combinations thereof, and the conductive ma- 50 
terial comprises a metal, carbon material, a conduc- 
tive ceramic material, a metal inorganic material or 
combinations thereof, and the conductive fillers 
comprise carbon powder, carbon fibers, carbon na- 
notubes, carbon nanofoam, carbon aerogels, 55 
graphite, conductive polymers, conductive fibers, 
dielectric or conductive particles coated with a con- 
ductive material, dielectric filler materials coated in 



8. The polishing article of any of claims 1 to 7, wherein 
the at least one conductive element extends be- 
yond a plane defined by the surface of the body. 

9. The polishing article of claim 8, wherein the at least 
one conductive element comprises one or more 
conductive fibers extending beyond a plane defined 
by the surface of the body, the one or more conduc- 
tive fibers are in the shape of a coil, one or more 
loops, one or more strands, an interwoven fabric, or 
combinations thereof, and the one or more conduc- 
tive fibers extending beyond a plane defined by the 
surface of the body are coupled to a conductive 
base. 

10. The polishing article of any of claims 1 to 4, further 
comprising a biasing member disposed between 
the at least one conductive element and the body 
and the biasing member is adapted to urge the con- 
ductive element towards the polishing surface to 
electrically contact the substrate disposed on the 
polishing surface. 

11 . The polishing article of any of claims 1 to 1 0 : where- 
in the body further comprises a connector for con- 
necting the article to a power source. 



20 

BNSDOCID; <EP 1361023A2_I_> 



39 



EP 1 361 023 A2 



40 



12. The polishing article of any of claims 1 to 11, where- 
in the body comprises a polishing portion disposed 
on a support portion and at least one conductive el- 
ement is disposed on the conductive polishing por- 
tion. 

1 3. The polishing article of claim 1 2 : wherein a connec- 
tor for connecting the article to a power source is 
disposed between the polishing portion and the 
support portion and is electrically coupled to the at 
least one conductive element. 

1 4. The polishing article of any of claims 1 to 1 3, where- 
in the at least one conductive element comprises a 
composite of fibers coated with a conductive mate- 
rial, a conductive filler, or combinations thereof, and 
a binder, and the composite is embedded at least 
partially in the body. 

15. The polishing article of claim 14, wherein the binder 
comprises a polymer based bonding agent selected 
from the group of an epoxy resin, a silicone, an ure- 
thane resin, a polyimide, a polyamide, a fluoropol- 
ymer, fluorinated derivatives thereof, or combina- 
tions thereof, or the binder comprises a polymeric 
material selected from the group of polyurethane, 
polyurethane mixed with fillers, polycarbonate, 
polyphenylene sulfide (PPS), ethylenepropylene- 
diene-methylene (EPDM) Teflon™ polymers, poly- 
styrene, and combinations thereof. 

16. The polishing article of any of claims 1 to 15, where- 
in the at least one conductive element thereof is 
coupled to a conductive member disposed in a 
grooved formed in the body of the polishing article. 

1 7. The polishing article of claim 1 6, wherein the at least 
one conductive element comprises one or more 
coiled fibers coated with a conductive material dis- 
posed concentrically around the conductive mem- 
ber, an interwoven fabric orfibers coated with a con- 
ductive material disposed concentrically around the 
conductive member, one or more metals, a copper 
wire or foil disposed on a bar of gold or a metal foil 
coated with a conductive binder, and combinations 
thereof. 

1 8. The polishing article of any of claims 1 to 1 7, where- 
in the body comprises a conductive mesh of fibers 
coated with the conductive material, conductive fill- 
ers, or combinations thereof, and a bonding agent 
disposed thereon. 

19. A polishing article for processing a substrate com- 
prising: 

a body having at least one conductive surface 
adapted to polish the substrate, wherein the 



conductive surface comprises at least one con- 
ductive element comprising conductive fillers, 
fibers coated with a conductive material, or 
combinations thereof, disposed in a polymeric 
5 material. 

20. The polishing article of claim 19, wherein the fiber 
coated with the conductive material further compris- 
es a nucleation material or a binder material dis- 

10 posed between the fiber and the conductive mate- 
rial. 

21 . The polishing article of claim 1 9 or claim 20, wherein 
the polishing article comprises polyamide fibers 

15 with gold disposed thereon and graphite disposed 
in a polyurethane binder or comprises graphite par- 
ticles, carbon nanotubes, carbon fibers, and com- 
binations thereof, disposed in polyurethane or sili- 
cone. 

20 

22. The polishing article of any of claims 19 to 21, 
wherein the body further comprises a plurality of 
grooves or perforations formed at least partially 
therein and a portion of the perforations and a por- 

25 tjon of the grooves intersect. 

23. The polishing article of any of claims 19 to 22, 
wherein the body further comprises a connector for 
connecting the article to a power source. 

30 

24. The polishing article of any of claims 29 to 23, 
wherein the conductive surface has a resistivity of 
about 50 ft-cm or less. 

35 25. The polishing article of any of claims 19 to 24, 
wherein the polishing article has a hardness of 
about 100 or less on a Shore D Hardness scale. 

26. The polishing article of any of claims 19 to 25, 
40 wherein the polishing pad comprises: 

a body having a conductive polishing portion 
disposed on a support portion, the conductive 
polishing portion comprising at least one con- 

45 ductive element comprising conductive fillers, 

fibers coated with a conductive material, or 
combinations thereof, disposed in a polymeric 
material and the body comprises a plurality of 
perforations, the polishing portion comprises a 

so plurality of grooves, and a portion of the perfo- 

rations and grooves intersect, 

27. The polishing article of claim 26, wherein the body 
further comprises a connector for connecting the ar- 

55 tide to a power source disposed between the pol- 
ishing portion and the support portion and is elec- 
trically coupled to the at least one conductive ele- 
ment. 
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28. A polishing article for processing a substrate, com- 
prising: 

a body having a surface adapted to polish the 
substrate and a conductive element comprising 5 
a fabric of interwoven fibers coated with a con- 
ductive material. 

29. The polishing article of claim 28, wherein the fabric 

of interwoven fibers coated with a conductive ma- 10 
terial comprises a plurality of fibers coated with a 
conductive material interwoven to form a fabric, a 
plurality of interwoven fibers to form a fabric that is 
coated with a conductive material, or combinations 
thereof. 15 

30. The polishing article of claim 28 or claim 29, wherein 
the fabric of interwoven fibers is perforated, woven 
to form passages, or combinations thereof, for fluid 
electrolyte flow therethrough. 20 

31. The polishing article of any of claims 28 to 30, 
wherein the body comprises a conductive polishing 
portion disposed on a support portion, wherein the 
conductive element comprises the conductive pol- 25 
ishing portion. 

32. The polishing article of any of claims 29 to 31, 
wherein the conductive surface has a resistivity of 
about 50 O-cm or less. 30 

33. The polishing article of any of claims 28 to 32, 
wherein the polishing article has a hardness of 
about 100 or less on a Shore D Hardness scale. 

35 

34. The polishing article of any of claims 28 to 33, 
wherein the body further comprises a metal foil dis- 
posed on the conductive element. 

35. The polishing article of claim 34, wherein the metal 40 
foil comprises a plurality of perforations, a plurality 

of grooves, or combinations thereof. 
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(54) Polishing articles for electrochemical mechanical polishing of substrates 



(57) An article of manufacture, method, and appa- 
ratus are provided for planarizing a substrate surface. 
In one aspect, an article of manufacture is provided for 
polishing a substrate including a polishing article (205) 
having a body comprising at least a portion (310) of fib- 
ers coated with a conductive material, conductive fillers, 
or combinations thereof, and adapted to polish the sub- 
strate. In another aspect, a polishing article includes a 
body having a surface adapted to polish the substrate 
and at least one conductive element embedded in the 
polishing surface, the conductive element comprising 
dielectric or conductive fibers coated with a conductive 
material, conductive fillers, or combinations thereof. The 
conductive element may have a contact surface that ex- 
tends beyond a plane defined by the polishing surface. 
A plurality of perforations (546) and a plurality of grooves 
(542) may be formed in the articles to facilitate flow of 
material through and around the polishing article. 
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